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Abstract
Intelligence Testing in the New (Langu)age: Effects of Item-Type and Assessment Medium
Features on Fluid Intelligence Test Linguistic Group Score Differences
By
Paige R. Alenick
Advisor: Harold Goldstein
As fluid intelligence tests are an integral part of modern employee selection protocols,
assessment designers are tasked to ensure the construct is measured accurately for all test-takers
regardless of their demographic traits. Disparities in bilingual and monolingual working memory
capabilities, which are critical for successful fluid intelligence test performance, might make it
challenging for test designers to accomplish this goal. Best design practice in such cases is to
identify assessment conditions that allow for equitable expression of the test construct. Thus, the
purpose of this study was to examine whether the content of items present on a fluid intelligence
test and the features of the medium through which the test is presented influence score
differences between monolinguals and bilinguals. Drawing on research related to neurocognition,
intelligence testing and mobile assessment, I proposed a moderated moderation model in which
item type (i.e., novel graphic or pseudoword) and assessment medium features (i.e., scrolling or
no scrolling requirement), jointly moderate the relation between linguistic background and fluid
intelligence test scores. Hypotheses were tested among 255 Prolific members who completed 16
fluid reasoning items adapted from the LSAT to accommodate the test factors of interest.
Specifically, the content about which individuals needed to reason in the items was either novel
graphics or pseudoword stimuli. The items were designed such that participants either needed to
scroll between information pertinent for answering each item and the questions or this
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information was frozen at the top of the page so it was always in the participant’s view for all
questions, eliminating the need to scroll. Results demonstrated that item-type and the need to
scroll affected within rather than between group fluid intelligence test performance.
Monolinguals performed significantly better on novel graphic items when scrolling was needed
compared to when scrolling was not needed. By contrast, bilinguals performed significantly
better on fluid reasoning tests containing pseudoword items when scrolling was needed
compared to when it was not. From these findings, I contribute to the literature in three
theoretical and practical ways. First, I offer fluid intelligence test designers nuanced guidance for
implementing language reduction strategies into their test items. Second, I study cultural
influences on employment test score differences, which are seldom examined in the intelligence
test group difference literature. Finally, I expound the mobile assessment literature, which is just
beginning to examine how device type interacts with test features to influence performance
rather than psychometric indices. A full discussion of the findings, their implications, limitations
of the current study, and directions for future research is included.
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Chapter 1: Introduction
In the modern workplace, employees must process competently new information to meet
changing market demands. Thus, fluid intelligence (Gf) tests, used to assess novel information
processing ability, are critical for predicting job performance today (Scherbaum et al., 2012) and
are increasingly used in employee selection protocols (Klein et al., 2015). More specifically, Gf
is associated with analytical thinking (Gray & Holyoak, 2020), complex problem solving (Greiff
et al., 2013), and managing competing demands (König et al., 2005), all of which were identified
as essential skills of successful employees in 2021 (Human Resources Council, 2020). It
therefore becomes paramount for test developers and practitioners to design and use Gf tests as
effectively as possible in their selection procedures.
An aspect of creating and implementing an effective test is measuring the construct
accurately (Society for Industrial and Organizational Psychology [SIOP], 2018), meaning testtakers should be able to demonstrate their true ability. Indeed, professional guidelines such as
The Principles for the Validation and Use of Personnel Selection Procedures state that critical to
accurate construct measurement is test fairness. A test is fair if all examinees regardless of
demographic background are equitably able to show their status on the test construct (SIOP,
2018), However, several test and external characteristics can interfere with accurate construct
measurement as it relates to test fairness (SIOP, 2018). In the case of fluid reasoning, evolving
workplace trends warrant the special consideration of two particular factors.
The first factor is the test administration medium or method of delivery. A test could be
taken in a computer, paper-and-pencil, video, or oral format, raising concerns about score
comparability across administration medium. In the modern workplace, technological
development facilitates remote test-administration, significantly increasing the number of
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assessments taken on mobile devices (Arthur et al., 2018). Indeed, between 2014 and 2018,
mobile testing in organizations rose from 4% to 15% (Kantrowitz, 2014; Kantrowitz et al.,
2018). Completing an assessment on a mobile compared to a non-mobile device has been found
to place greater demands on working memory, the brain region largely responsible for
information storage, processing, and reasoning. Such a disparity is critical as working memory is
distinct from but engaged when completing Gf test items (Colom et al., 2008). Thus, as the
assessment medium influences how much working memory can be activated to successfully
complete Gf problems, accurate construct measurement is threatened.
The second consideration is the individuals taking the test. Indeed, the Principles state
demographic characteristics should not affect accurate construct measurement (SIOP, 2018).
However, accomplishing this goal might be challenging on Gf tests for individuals with different
language backgrounds, factions likely to be found in modern applicant pools. Specifically, global
operations in organizations have grown exponentially (Ryan & Tippins, 2010), increasing the
number of bilinguals in the workplace. Based on a survey of 1,200 managers and human
resources professionals, nine out of 10 United States employers rely on language skills other than
English for their business practices, and 56% predict the need for foreign language skills will
increase over time (American Council on the Teaching of Foreign Languages [ACTFL], 2019).
In fact, in the same survey, 34% of United States employers indicated their current employees
did not meet their foreign language needs (ACTFL, 2019), suggesting bilinguals will be
particularly targeted for participation in recruitment and selection practices in comparison to
monolinguals.
One dissimilarity between these groups that might distinguish the experience of taking a
Gf test as part of an employee selection process and impede accurate construct measurement for
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both groups is differences in their working memory capability. Because of their experience
managing two languages, bilinguals compared to monolinguals were found to have superior
working memory functions needed for Gf test performance (Costa et al., 2009; Grundy &
Timmer, 2017). Thus, the minority (bilinguals) might outperform the majority group on Gf tests
not because of stronger reasoning abilities, but because of their stronger working memory
capabilities. While factors distinct from the construct that systematically affect measurement
between groups are labeled as test contaminants (American Educational Research Association
[AERA], the American Psychological Association [APA], & the National Council on
Measurement in Education [NCME], 1999), working memory might not be viewed as such given
its necessity for Gf test performance. Thus, while the influence of bilingual and monolinguals’
working memory disparities on Gf measures might not be an issue of contamination, concerns
about score differences and test fairness violations in these groups, which threatens the accurate
measurement of a critical construct, are elevated.
As the importance of fluid reasoning grows concurrently with the adoption of mobile
assessment and the recruitment of linguistically diverse applicants, test developers are tasked
with devising strategies to maintain accurate construct measurement in the face of workplace
conditions that might hinder it. Indeed, the Principles state practitioners and test developers are
expected to take steps to ensure all applicants are given testing conditions that allow for a valid
and equitable expression of the test construct (SIOP, 2018). Common to both workplace
conditions is their influence on working memory. However, scholars have neither considered
what Gf test characteristics might influence the magnitude of bilinguals’ and monolinguals’
disparate working memory capabilities nor whether bilinguals and monolinguals respond
differently to the working memory constraints from mobile devices. I do both in this study.
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I argue changing the content of items present on a Gf test (novel verbal vs. non-verbal) and
the features of the medium through which the test is presented (scrolling, as is needed to view
information on a mobile device vs. non-scrolling) jointly influence the degree to which bilinguals’
working memory advantage can be leveraged and, subsequently, the magnitude of Gf test
performance differences between monolinguals and bilinguals (see Figure 1). Turning first to itemtype, as tests of novel information processing, generally, Gf assessments are designed to reduce
the need to utilize prior knowledge. Thus, items should include uncommon content such as novel
graphics or pseudowords (i.e., units of text or speech that resemble an actual word in a language
but have no lexical meaning in any language; Cattell, 1987; Taylor et al., 2013). Cognitively
comparing the unfamiliar stimuli to familiar graphics, phonemes or words conserves working
memory resources (Baddeley, 2012). Bilinguals and monolinguals might have more similar
representations of graphic compared to language content from which to draw (Smith et al., 2010),
more equitably preserving resources for items containing novel graphics but not pseudowords for
these two demographic groups. On pseudoword Gf test items, bilinguals might not be able to
leverage their working memory advantage as they might not have conserved enough resources to
engage the cognitive functions needed for successful Gf test performance, whereas monolinguals
might. As a result, they might outperform bilinguals on Gf items with these stimuli.
Turning next to assessment medium features, working memory resources might be taxed
even further when items containing novel content are presented on a mobile rather than nonmobile device; the smaller screens require scrolling to view question information, consuming
more working memory resources (Sanchez & Branaghan, 2011). With a severely limited number
of working memory resources, bilinguals can still engage cognitive operations needed for
successful Gf performance (i.e., information processing), but monolinguals are less capable (Qu
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et al., 2015). Respective boosts in and decrements to bilinguals and monolinguals working
memory functions might help equalize performance for pseudoword items but magnify
differences for items containing novel graphics.

Figure 1. Theoretical model presented in-text for ease of reference. Dotted lines indicate
moderation effects.
In studying this theoretical model, I make three contributions to the intelligence literature.
First, despite long-standing calls to assess cultural influences on employment test score
differences (Helms-Lorenz et al., 2003), very little research has been done (Scherbaum et al.,
2017). Most recently, te Nijenhuis and colleagues (2016) found evidence showing intelligence
subtests that incorporate copious quantities of language produce large score differences between
native and non-native speakers, suggesting linguistic background might be a cultural factor that
profoundly impacts score difference magnitude. However, linguistic group differences are not as
frequently examined as racial/ethnic and gender differences in intelligence research. Expanding
the types of group differences examined will therefore augment the intelligence literature and
will aid practitioners in developing assessments that can be implemented on a global scale to
culturally diverse groups (Scherbaum et al., 2017). While many comparisons could be drawn
between individuals with varying linguistic experiences, specific attention should be given to
bilingual and monolingual performance differences. Between 2010 and 2015 the number of job

5

postings directed at bilinguals rose from 240,000 to 630,000 across several industries and for
high and low skill positions (American Community Survey, 2017).
Second, while utilizing item content with less language is argued to increase the accuracy of
intelligence testing in culturally diverse groups (Agnello et al., 2015), scholars have not explored
its impact on reducing score differences for individuals with disparate linguistic backgrounds.
Pseudowords and novel graphics are popular examples of item formats with minimized
language. Limited score difference research using these item types has been restricted to
racial/ethnic groups, though results are promising. Yusko et al. (2012) reported differences of
Black and White test-takers between d = 0.18 and d = 0.43 compared to the commonly reported
d = 1.00 (Hunter & Hunter, 1984). Though test developers, therefore, have some basis to believe
that removing linguistic demands minimizes construct-irrelevant variance (i.e., variance
attributable to either the assessment method used, or additional constructs the test might
inadvertently assess rather than the construct of interest; AERA, APA, NCME) and levels the
playing field for all test takers, this idea might be fallacious until tested in more populations.
Moreover, scholars have not considered if items with novel graphics or pseudowords produce
comparable or dissimilar score difference magnitudes. Doing so would allow a more nuanced
understanding of which language reduction method works best for diminishing performance
differences in various groups.
Finally, research on the impact of item properties on group score difference magnitude
might make the most substantial contribution to the literature when such items are part of tests
taken on mobile devices (Brown & Grossenbacher, 2017). Much mobile assessment research
involves establishing psychometric test equivalency for assessments taken on different devices in
terms of measures of reliability, factor structure, and differential item functioning (Arthur et al.,
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2018). However, the findings to date do not offer insight into how test item properties interact
with device type to influence performance differences in various groups. Therefore, exploring
this joint influence will help fill a gap in the mobile assessment literature. Moreover, much of
this research focuses on non-cognitive measures (e.g., Huff, 2015), with one exception
(Illingworth et al., 2015). The absence of research on the interaction between device and item
type, particularly on intelligence tests, is notable as cognitive ability is often measured in
employee selection procedures (Goldstein et al., 2002). Further, mobile device ownership and its
use for completing employment tests has been steadily increasing over time and will likely see a
sharp rise as a result of the global pandemic, which has limited access to office spaces and
testing locations (Pew Research Center, 2015). Thus, while mobile assessments are touted to
promote test accessibility, how they interact with the types of items used on intelligence tests to
impact scores might create a barrier to job entry for linguistically diverse groups as mobile
testing might exacerbate score differences depending on the content of the Gf test items.
In sum, while I do not argue bilinguals should be disadvantaged, identifying the factors that
influence bilingual-monolingual Gf score differences is critical for understanding what
potentially can be targeted to ensure a fair assessment of the construct is given in the bilingualmonolingual population. In the following sections of this chapter, I will provide a brief overview
of my proposed theoretical model beginning first with a discussion of how bilinguals and
monolinguals should be expected to perform on Gf tests.
Linguistic Experience and Fluid Intelligence Tests
Curiously, research has shown bilinguals and monolinguals perform equivalently on fluidreasoning tests (Engel de Abreu, 2011; Greenberg et al., 2013; Woumans et al., 2016). However,
many of these studies were conducted with school-aged children. As working memory has been

7

found to be malleable, particularly in younger children (Klingberg et al. 2005), the development
of working memory functions most closely associated with Gf test performance (Colom et al.,
2008) raise questions about the stability of these findings. For example, working memory capacity
is one function that has both been found to relate to Gf test performance (Kane et al., 2005) and to
change with age. Case (1995) proposed improvements in working memory capacity over time were
a function of developmental enhancement in processing efficiency and speed; more information
could be stored faster and with fewer cognitive resources. Moreover, these functions might not
develop the same way for individuals with different language capabilities. For instance, Grundy
and Timmer (2017) found bilinguals have a larger working memory capacity than monolinguals.
As will be explained more in the following review, capacity is only one of several working
memory functions that influence Gf test scores and develops differently for bilinguals and
monolinguals. Thus, it is critical to extend research on linguistic group performance on fluid
reasoning tests beyond school aged children. As of 2019, an estimated 1.27 billion people globally
spoke English (Statista, 2019), making English the most spoken language in the world. However,
Weir (2000) claimed approximately one in three of the world population routinely uses two or
more languages at work. Therefore, in this study, a distinction is made between English
monolinguals and bilinguals.
Linguistic Experience and Fluid Intelligence Tests: The Role of Item-Type
While working memory differences between English bilinguals and monolinguals’ might
be construct-relevant reasons for their disparate Gf test scores, Gf tests are not protected from
sources of construct-irrelevant variance; such contaminants commonly influence intelligence
assessment scores (Agnello et al., 2015). Indeed, an intention of Gf test designers is to reduce
sources of contamination, particularly those which stem from test-takers being differentially
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familiar with the content being reasoned about (Fagan & Holland, 2002). These sources of
contamination might be more likely the more linguistically demanding an assessment is (HelmsLorenz et al., 2003). For example, an item featuring Dutch sayings or slang would advantage those
who were familiar with the Dutch language. Indeed, Freedle and Kostin (1997) found items
containing words that were differentially unfamiliar to minority over majority group members
showed more differential item functioning. Thus, test developers are encouraged to, and a growing
number of intelligence assessments use novel non-verbal stimuli (Goldstein et al., 2010). In the
context of a fluid reasoning test, test-takers might be presented with unfamiliar graphics or
matrices that he or she uses to infer relationships. A common example is Raven’s Progressive
Matrices where participants are presented with a matrix that, in all but one cell, has a figure
comprised of varying shapes and lines. Test-takers use the pattern of figures in the matrix to infer
which figure goes in the missing cell (Raven, 2000). However, daily life requires language,
especially as organizations continue to globalize (Maftoon & Shakibafar, 2011).
To balance the need to minimize differential knowledge of language with the daily need to
utilize it, a growing number of test developers have incorporated pseudowords into their stimuli
(Taylor et al., 2013). Indeed, tests that utilize pseudowords as part of their items show less
performance variance due to differential familiarity than those that do not (Fagan & Holland,
2009). In the context of a fluid reasoning assessment, test takers might similarly be asked to infer
relationships, but in this case, using a series of verbal statements which might consist of
pseudowords. Taken together, incorporating novel graphics and pseudowords into Gf test
problems minimizes the linguistic demands of a test and appears to address one source of
construct-irrelevant variance. However, for bilingual and monolingual test-takers, doing so might
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influence a source of construct-relevant variance, that stemming from differences in their working
memory abilities.
Understanding why this might be requires background in the cognitive processes needed
to solve Gf problems. Completing a Gf item requires both the stimuli be stored and cognitive
operations be carried out to comprehend the relationships between stimuli. As mentioned above,
bilinguals have been found to be advantaged in these working memory capabilities. However,
because working memory in both groups has a finite number of resources for storing and
processing information, long-term memory acts as an extension of working memory, assisting in
information maintenance, and freeing up cognitive resources for information processing
(Baddeley, 2012). That is, when a stimulus is detected, long-term memory is activated so
comparable, already represented content to the new stimuli can be found, which allows fewer
resources to be devoted to storing the stimulus in working memory. Unusual images and
pseudowords are both novel, suggesting the support of long-term memory will be limited; more
working memory resources would be allocated toward storing foreign compared to common
information for both bilinguals and monolinguals. Thus, both bilinguals and monolinguals would
have fewer resources to store and process this novel content than would exist if the content of the
Gf item was known.
However, disparities might exist between bilinguals and monolinguals in how few working
memory resources remain to store and process the atypical content depending on if it is a novel
graphic or pseudoword. Said differently, reasoning with the novel verbal and graphic stimuli will
elicit distinct, but parallel, cognitive operations in working memory for bilinguals and
monolinguals (Baddeley, 2012). I propose the magnitude of the constraint of long-term to working
memory might vary between these groups depending on the type of novel content present on the
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Gf test. Bilinguals and monolinguals were found to have more similar exposure to patterns and
shapes than words in the English language (Sanchez et al., 2010), suggesting their long-term
memory representations are more alike for graphic compared to verbal stimuli. Consequently,
when a Gf test item includes a novel graphic, bilinguals and monolinguals might be able to
conserve a comparable amount of working memory resources because they have similar types of
representations to draw from long-term memory to aid in storing and processing the novel
stimulus. For items containing pseudoword stimuli, disparate amounts of working memory
resources might be preserved between these groups as they have dissimilar types of representations
from which to draw. Monolinguals compared to bilinguals were found to have a more expansive
representation of words, letters, and phonemes in long-term memory to compare the novel stimulus
to because they have had exposure to only one language as opposed to bilinguals who have had
varied exposure to two languages (Kaushanskaya et al., 2011; Portocarrero et al., 2007). As a
result, bilinguals might have enough resources left to demonstrate their advantage on novel graphic
but not pseudoword Gf items. Thus, the degree to which working memory advantages can be
leveraged might vary from one item type to the other in these two groups. Studying if linguistic
experience and novel item type interact to influence Gf test performance differences will facilitate
an understanding of if these strategies for minimizing test linguistic demands work equally well
for fairly capturing Gf in this population.
The Influence of Assessment Medium on the Linguistic Experience-Item-Type Interaction
The features of the medium through which Gf items are presented might additionally
complicate the relation between working memory and item type on Gf test performance
differences. More specifically, mobile device usage can further change the degree working
memory differences between bilinguals and monolinguals can influence Gf test scores. Compared
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to non-mobile technologies, mobile devices were found to tax working memory resources as less
information is in one’s immediate field of view. Because of the small screen size, text or graphics
overflow onto multiple screens, requiring an individual to scroll to view all the information. Thus,
the amount of information to be held in working memory increases, diverting even more cognitive
resources toward stimulus storage (Arthur et al., 2018; Sanchez & Branaghan, 2011).
Consequently, even fewer working memory resources remain for processing both types of stimuli.
Severe working memory resource drain affects bilinguals and monolinguals differently and
holds implications for their performance on Gf tests with different items taken on different devices.
Because bilinguals regulate two languages, they have a strong ability to allocate efficiently finite
cognitive resources to prioritized task demands (e.g., speaking with their parents in one language
on the way to school and their friends in another language in class). This cognitive function is
known as executive control and is engaged when cognitive resources are highly constrained (Qu
et al., 2012). By contrast, monolinguals have less expertise in executive control (Qu et al., 2015).
It is plausible that, for both item types, monolinguals might suffer performance decrements
when completing a fluid reasoning assessment on a mobile compared to non-mobile device.
Specifically, because so many working memory resources are allocated toward storing the novel
information on a mobile device, very few remain for processing it, constraining monolinguals’
ability to demonstrate Gf on items containing novel graphics or pseudowords. Bilinguals, on the
other hand, still have the cognitive capability to maintain or improve their performance under such
strain on both item types. As fewer resources might remain in a bilingual compared to a
monolingual test-takers’ working memory when Gf test items contain a novel pseudoword,
bilinguals might be especially able to activate their executive control and utilize their very finite
working memory resources to carry out the cognitive operations needed to solve pseudoword Gf
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test problems. However, monolinguals might not be able to perform these operations with very
few resources, helping to minimize score differences between these groups on pseudoword Gf
items. Similarly, as bilinguals and monolinguals have more equivalent amounts of working
memory resources available for use on Gf test items with novel graphics, bilinguals might be able
to utilize their superior working memory capabilities to successfully complete Gf test items. When
taken on a mobile compared to a non-mobile device, decrements in monolinguals’ ability and
improvements in bilinguals’ ability to carry out the cognitive operations needed to complete Gf
items might magnify differences on items containing novel graphics.
Thus, assessment medium, particularly due to the need to scroll, might modulate the
magnitude of performance differences between bilinguals and monolinguals for tests with novel
graphic or verbal stimuli. This proposition, however, has not been empirically tested. Indeed,
research shows reducing the need to scroll by turning the screen to a landscape orientation can
ease performance decrements due to working memory burdens (Sanchez & Branaghan, 2011;
Sanchez & Wiley, 2009). Because mobile devices vary in their size, not every assessment platform
allows for landscape view on mobile devices, and very often individuals still must scroll in this
orientation to view all the information needed for task completion, other methods for easing the
burden on working memory should be explored. As such, the final goal in my study is to determine
whether reducing the need to scroll or not (i.e., to simulate the use of mobile vs. non-mobile
devices) moderates the interactive effect of linguistic background and item-type on fluid reasoning
test performance differences for bilinguals and monolinguals.
The Current Study
Though working memory is the proposed mechanism through which linguistic
background, item type and assessment medium features impact Gf test performance practical

13

constraints prohibit me from testing this exact model. To be a true mediator, working memory
must be measured before fluid intelligence to assess its impact on the dependent variable,
performance (Spencer et al., 2005). However, in this study, working memory would
simultaneously need to be measured after the Gf test to determine how the proposed Gf test
features influence working memory functioning, and before the Gf assessment to see the
subsequent impact of this functioning on fluid reasoning test performance. EEG or FMRI rather
than self-report measures would allow for this simultaneous assessment. However, logistical
constraints prevent access to the necessary equipment. While I acknowledge this methodological
limitation, to provide some empirical support for the theorizing in this study, I will measure
working memory at the end of my study, after the Gf assessment. As the Gf test characteristics are
predicted to change the number of resources available in working memory needed to successfully
complete Gf test problems, I will explore if the Gf assessment features bilinguals and monolinguals
were exposed to creates differences in their working memory test performance that correspond to
the proposed effects on Gf test performance. The model to be tested is presented in Figure 2.
To test this model, I used a moderated moderation design in which I asked participants in
the Prolific subject pool to complete a Gf and working memory assessment. The study was
presented to participants under the guise of intelligence tests meant to predict problem solving
ability. Participants completed the Gf measure first followed by the working memory test. The Gf
assessment was comprised of the same items, but the content about which individuals reasoned in
the items was either novel graphic or pseudoword stimuli. All items had a set of statements
describing the relationships between the novel elements. For each item, participants were asked to
answer a series of four questions using these statements. The assessment was designed such that
the participant either needed to scroll between the statements and associated questions or the
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statements were frozen at the top of the page, so they were always in the participant’s view when
answering all questions. In this way, participants did not need to scroll to view the information
most needed to answer the questions. After completing the test, participants were asked to report
if they are English monolingual or bilingual speakers.
In the remaining sections of this dissertation, I will briefly review the literature on Gf tests
to outline what is currently known and where more research is needed. Next, I will discuss the
literature on bilingualism, particularly highlighting the working memory functions that might
influence Gf test performance. In the chapters that follow, I will explain the impact of item type
and mobile device features on such performance. Finally, I outline the methods by which these
hypotheses were tested, report the results, and discuss their theoretical and practical implications
and limitations.
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Chapter 2: The Importance and Challenges of Measuring Fluid Reasoning
In 1905, Binet and Simon published the first widely used intelligence test, developed to
identify students in need of remedial studies. Their design was later applied to the Army Alpha
and Beta tests, which were created to select army recruits during World War I. These
assessments are lauded as the first large scale implementation of an intelligence test for
personnel selection (Vinchur & Koppes, 2010). For over a century, scholars have built upon this
work, eventually finding intelligence tests to be the best predictor of job performance (Schmidt
& Hunter, 1998). While researchers generally agree on the importance of intelligence for
performance prediction, an exact definition of intelligence has spurred much debate, creating
challenges for its measurement and study (Fagan, 2000; Neisser et al., 1996; Scherbaum et al.,
2012; Sternberg & Detterman, 1986).
Towards Improved Intelligence Research
Better Alignment with Cognitive Theory
To address these challenges and improve intelligence research, two trends have been
developing in the literature. First, though disagreements about the meaning of intelligence exist,
scholars generally agree the test should be designed to reflect to the cognitive theory from which
the definition was derived (Ortiz et al., 2012; Scherbaum et al., 2012). For example, Ackerman
(1996) suggested the intelligence construct could be broken down into intelligence-as-knowledge
(i.e., what an individual knows) and intelligence-as-process (i.e., how an individual thinks),
which allows test designers to cover better the intelligence construct. However, in the field of
Industrial/Organizational Psychology, fewer intelligence tests reflect an intelligence-as-process
perspective (Agnello et al., 2015), as many assessment designers base their tests on Spearman’s
(1927) intelligence theory. Spearman suggested intelligence (i.e., g) is what intelligence tests
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measure, and many of the measures based on his theory take an intelligence-as-knowledge
perspective (e.g., Sternberg & Wagner, 1993).
While knowledge-based intelligence measures demonstrate excellent predictive validity
(Schneider & Newman, 2015), an intelligence-as-process perspective can be equally, if not more,
useful for predicting performance in today’s business environment. Specifically, organizations
need employees who can adapt to change, address complex issues, and manage competing
demands, all of which are associated with the intelligence-as-process perspective (Gottfredson,
1997). Further, the onset of COVID-19 has led organizations in every industry to face uncertainty
about the environmental circumstances under which they will have to operate (e.g., economic
contractions, disturbed supply-chains; McKinsey, 2020), forcing employees to learn new skills
and knowledge regarding how to work effectively from home. Information processing also
underlies the ability to learn (Ackerman, 1996). Moreover, the way employees process their
knowledge is thought to be a main source of competitive advantage; exceptional thinkers can see
unique integrations of resources and abilities allowing for the creation of products and services
that are rare and more valuable to customers (Zack, 1999). Information processing measures might
therefore be best suited to capture the domain of intelligence necessary for successful performance
in the modern workplace, as they assess individuals’ thinking abilities (e.g., discriminating
between relevant and irrelevant information for the task at hand; Floyd & Kranzler, 2012). Further,
they demonstrate acceptable predictive validity (Higgins et al., 2007).
Fluid reasoning is one particular intelligence-as-process measure that might best capture
individuals’ cognitive abilities during times of rapid change. Fluid reasoning refers to an
individual’s ability to solve novel problems, identify patterns, and reason with abstract information
(Cattell, 1971). While many different fluid reasoning measures exist, all of them are meant to
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assess one’s novel information processing abilities with the intention of minimizing reliance on
prior knowledge for successful performance (Cattell, 1987). For example, a Gf test question would
unlikely state, “A football player starts at the 50-yard line and picks up 22 yards on a play. During
the next play, his teammate picks up another nine yards. On what yard line does the next play
start?” In addition to assessing the test takers’ mathematical reasoning skills, the problem requires
an individual to have knowledge of the game of football, which not every test-taker can be assumed
to have. Moreover, this knowledge might vary by group; men might be more well-versed in this
body of information than women. Thus, on a test meant to assess reasoning ability, required
football knowledge contaminates the measure; constructs irrelevant to the intended test domain
are assessed. Further, this example demonstrates how irrelevant content can potentially create
group score differences.
Accordingly, measuring fluid reasoning not only improves the study of intelligence because
these measures align with intelligence theory, but it also allows for more accurate measurement of
the construct for all test takers. Indeed, improving the measurement of intelligence is the second
trend seen in the literature regarding enhanced intelligence study (Agnello et al., 2015). One
strategy test designers have taken to accomplish this goal is to reduce sources of constructirrelevant variance (Fagan & Holland, 2007).
Minimizing Sources of Construct-Irrelevant Variance
Construct-irrelevant variance can be described as systematic measurement error (AERA, APA,
& NCME, 1999). Two common sources of this test contamination exist. First is cultural content
or test content involving information related to a particular culture (Fagan, 2000). An example of
cultural content would be a test item that contains a slang term unique to one language. Second is
content not relevant to the intended domain, that is, test or item content of which test-takers both
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have differential understanding and which impacts test performance but is unrelated to the test or
item construct of interest; Scherbaum et al., 2015). An example of content irrelevant to the intended
domain would be the question described above that required football knowledge for a correct
answer. Construct-irrelevant variance can systematically impact groups of individuals in dissimilar
ways, creating score differences that compromise the ability to draw accurate inferences about the
degree of intelligence test-takers possess (Binning & Barrett, 1989).
Because fluid reasoning tests minimize reliance on prior knowledge, they also are thought to
reduce these sources of construct-irrelevant variance and subsequent disparate performance
(Martin et al., 2020). To do so, Gf test developers try to create “culture fair” tests, or assessments
based on common human experiences. In this way, individuals can draw on the same intellectual
abilities when completing an intelligence assessment and not any knowledge familiar to one
cultural or social group (APA, 2020). Prior knowledge might differ based on one’s culture,
language ability, race, socioeconomic status (SES), childhood experience among other factors
(Cottrell et al., 2015; Goldstein et al., 2010). As discussed in the previous chapter, removing
language in favor of non-verbal stimuli is one strategy used to create culture fair tests. However,
simply creating a task comprised of graphic stimuli might not reduce sources of differential
knowledge as individuals might have been exposed to learning materials or games that are like the
task on the Gf test. For instance, while Raven’s Progressive Matrices use graphics instead of
language, Raven (2000) arguably did not reduce differential familiarity as some individuals might
be more familiar with a matrix than others.
Newer techniques for reducing construct-irrelevant variance due to differential familiarity
include the development of non-entrenched tasks (Bokhorst, 1989), which present test takers with
unfamiliar stimuli to use in problem-solving. Specifically, a non-entrenched item presents
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problems that do not represent a scenario as it is encountered in daily life irrespective of an
individual’s background (Sternberg, 1982). For example, Sternberg presented participants with a
description of a dot at two time periods (i.e., the years 1977 and 2000) and either its physical form
(i.e., physically green or blue) or its verbal form (i.e., blue, green, grue, bleen). Based on a set of
rules, participants were asked to identify the color of an object in the year 2000. Though
considerably less adopted in both research and practice, utilizing non-entrenched tasks might help
advance the study of intelligence and further reduce sources of construct-irrelevant variance.
In sum, because they better align with cognitive theory and demonstrate efforts to remove
sources of construct-irrelevant variance, with advancements underway, Gf tests arguably embody
the characteristics of improved intelligence research. However, two problems remain.
Contemporary Intelligence Research Characteristics and Gf Tests: Current Challenges
Score Difference Research Limited to Racial/Ethnic Groups
First, many scholars who study the effectiveness of Gf tests for reducing score differences limit
their focus to racial/ethnic groups (e.g., Fagan and Holland, 2007; Hough et al., 2001; Larson,
2019; Outtz & Newman, 2010), precluding an understanding of whether these techniques improve
the study of intelligence for all. Indeed, organizations today have an expansive definition of
diversity, recognizing that employees can differ in ways beyond legally protected characteristics
(Jackson & Joshi, 2010). The little research comparing bilingual and monolingual performance on
fluid reasoning tests has used samples mainly comprised of young children (e.g., Engel de Abreu,
2011; Greenberg et al., 2013; Morales et al., 2013; Woumans et al., 2016). As several brain regions
closely related to Gf test performance develop differently for bilingual and monolingual
individuals, questions about the applicability of these findings to adult populations remain. Given
the importance of fluid reasoning for predicting competitive performance and the growing number
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of bilingual employees, comparing them to monolingual employees might be an ideal way to
expand the reach of improved intelligence study.
Equivocal Support for Standardization Strategy Success
Second, even within racial/ethnic groups, research on the effectiveness of Gf tests for reducing
score differences have shown mixed evidence (e.g., Freedle & Kostin, 1997; Rosser, 1989). For
example, some researchers have found small to moderate performance differences between Black
and White test takers on fluid reasoning tests (Outtz & Newman, 2010), while others have found
large differences comparable to those seen on knowledge-based assessments (Bosco et al., 2015).
While research has shown either test content (e.g., intelligence, personality) or circumstances
might create threatening conditions that evoke group differences (Brown & Day, 2006; Klein et
al., 2007), scholars have called for further study of Gf test characteristics that might account for
these disparities (Larson, 2019).
Addressing Current Challenges in Contemporary Intelligence Testing Research
Exploring the effectiveness of using pseudoword or novel graphic item types for reducing score
differences among bilinguals and monolinguals might offer one way to address these challenges.
Because of their varied experiences with the English language, English bilinguals and
monolinguals might be an appropriate population in which to test this idea. More specifically,
eliminating language is a common strategy for reducing construct-irrelevant variance, which, as
described above is one reason Gf tests arguably exemplify improved intelligence research.
Language can be removed in several ways, with novel graphic stimuli and pseudowords being
popular examples of item types used in Gf tests. English bilinguals and monolinguals might vary
in how drastically these item types constrain the support of long-term to working memory, which
differentially conserves resources needed to properly solve Gf problems. Thus, assessing if these
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language-reduction strategies are equally effective at reducing score differences in these groups
would both expand the factions studied in intelligence research and the explanations for score
difference origins.
Indeed, as research has suggested presuming content familiarity and unfamiliarity has
deleterious implications for score difference magnitude, it is critical to assess the effectiveness of
familiarity reduction strategies in different populations. Fagan and Holland (2007) found White
and Black test takers performed equivalently on a test with novel content with which both groups
were given an equal opportunity to become familiar. However, when the content was assumed to
be commonplace, large score differences were found between these groups. Similarly, Malda et
al. (2010) manipulated test content to be more familiar to one group than another, and found
cultural content moderated the relation between race and test performance; test-takers performed
more poorly on the test when they were less rather than more familiar with the content. Taken
together, these findings suggest test developers cannot assume what is common or uncommon item
content, as familiarity can vary between groups. Thus, it remains to be determined if replacing
actual words with nonsense words will be as successful as replacing actual words with unfamiliar
images for minimizing performance differences on Gf tests between bilingual and monolingual
test takers.
These two questions will be explored in subsequent chapters beginning with an investigation
into expected score differences between bilingual and monolingual test takers on Gf tests.
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Chapter 3: Working Memory and Bilingual-Monolingual Fluid Reasoning Test
Performance
Before deeply exploring potential reasons for disparate bilingual-monolingual Gf test
performance, it is first necessary to discuss what “bilingual” refers to generally and in this study.
What Is Bilingualism?
Despite widespread agreement among scholars that bilingualism is a common
phenomenon, defining who is bilingual, particularly when doing research, has been the subject of
much controversy (Maftoon & Shakibafar, 2011). One reason for this might be that bilingualism
can arise in different ways. For example, some individuals can be exposed to two languages from
the time they are born and utilize these languages throughout their lives, whereas others might
start learning a second language after their native language has been substantially developed
(Kroll et al., 2015). Indeed, bilinguals can and have been differentiated according to the age of
acquisition, language proficiency, and use and switching, with different conceptualizations
creating divergent conclusions about the effects of bilingualism on various cognitive functions
(de Bruin, 2019). For instance, when differentiated by age, bilinguals outperformed
monolinguals on tests assessing one’s ability to switch from one task to another (Bak et al.,
2014), but this effect was not seen when proficiency was used to classify bilinguals (Paap &
Greenberg, 2013).
Nonetheless, research shows three more consistent findings about bilingualism. First,
while scholars originally espoused bilinguals functioned as two monolinguals within one person,
and verbal stimuli were stored and processed in two separate systems (Grosjean, 1989), more
recently both languages are found to be active when bilinguals read, write, speak, and listen
(Dijkstra 2005; Marian & Spivey 2003; Kroll et al. 2006). This suggests a bilinguals’ two
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languages are not stored and processed in separate parts of the brain. Indeed, native language
acquisition influences cognitive processes in one’s second language and with enough time and
practice, one’s second language can influence cognition in the first (Kroll et al., 2015). Such
findings are heavily related to the second more consistent conclusion in the bilingual literature:
using two or more languages effects cognitive functions beyond language processing (Kroll et
al., 2015), as will be explicated more below. Concurrent activation of two languages requires
bilinguals regulate cross-language competition. This might involve minimizing the activation of
one language in different contexts. Consequently, bilinguals demonstrate strong neural networks
associated with cognitive control, and these pathways strengthen with increased proficiency and
use (Grant et al., 2019).
Finally, though a critical period exists for learning a first language, a second language can
be learned at any point in one’s life, though it becomes considerably more challenging the older
one is (de Bruin, 2019). Relatedly, while it was once believed an individual’s first language is
always their dominant language (Peal & Lambert, 1962), individuals are not always assumed to
be less proficient in their second language (Francis & Baca, 2014). For example, bilinguals
might have solely used one language at home until they began school, at which point they used
and developed greater proficiency in their second language (de Bruin, 2019). Taken together,
these three findings suggest language use seems to exert the greatest influence on distinctions in
cognitive functioning between bilingual and monolingual individuals (Khodos et al., 2020), and
language can be used dominantly or non-dominantly. Thus, ‘dominant’ and ‘non-dominant’
labels are used in the more recent literature when describing bilinguals’ languages. Language use
will also be how bilinguals and monolinguals will be distinguished in this study as best practice
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recommendations in the bilingual literature are to define these groups according to the linguistic
experiences most relevant to the research (de Bruin, 2019).
I expect English non-dominant bilinguals and English monolinguals to demonstrate the
most detectable differences in their Gf test scores, as using a language dominantly or nondominantly might strongly impact the cognitive operations of interest in this study (i.e., those
which are needed for successfully completing Gf test problems). One significant cognitive
function in this study is how long-term memory helps preserve resources in working memory
during information processing. Such support might vary based on one’s exposure to and use of
language(s) (i.e., information in dominant languages is better represented and, therefore, might
be more available to conserve resources needed for the cognitive processing involved in fluid
reasoning; Kaushanskaya et al., 2011). Because English monolinguals use and have more
exposure to the English language than English non-dominant bilinguals, there might be a
disparity in language representation in long-term memory between these two groups, which
might have implications for the amount of support given to working memory particularly when
processing Gf test items containing pseudowords. Further, even if a language is used nondominantly, both of an individual’s languages are thought to be activated while reading, writing,
and planning speech (Kroll et al., 2015), indicating a bilingual individual must regulate their two
languages, a function commonly carried out with executive control. Indeed, the greatest tax was
found to be placed on executive functions when a language is used non-dominantly
(Kaushanskaya et al., 2011). Because English monolinguals must regulate only one language,
their executive functions have not been found to be as strong as those of non-dominant bilinguals
(Qu et al., 2015). As this is the other cognitive function of interest in this study, these two groups
will be of focal importance.
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The Impact of Bilingualism vs. Monolingualism on Brain Anatomy and Cognitive
Functions
Indeed, at the physiological level, neurologic evidence suggests non-dominant bilingual
and monolingual brains develop and are structured differently, particularly regarding brain
regions associated with attention. For instance, bilinguals have greater connectivity than
monolinguals between the frontal gyrus and other attention regions in the brain (Thieba et al.,
2018). Despite this increased connectivity, these neural areas might be working in overdrive for
non-dominant bilinguals regarding comprehension; some attentional resources are diverted
toward selecting the appropriate language, leaving fewer for attaining the contextual information
needed to understand what is being said. Monolinguals might not have such a cognitive burden
because, although the connections are not as strong, their attentional resources are not redirected
toward language selection, and more are available for comprehension. Indeed, Wattendorf and
colleagues (2014) found heightened activity in the left middle frontal gyrus and left fusiform
gyrus, which are critical for word recognition, only for non-dominant bilinguals as these areas
are known to be active when retrieving contextual information associated with verbal stimuli.
When a language is used dominantly (e.g., for monolinguals), these areas are not as active
because not as much contextual information is needed for comprehension.
Beyond comprehension, research has shown this increased connectivity a) is not just seen
in the neural regions associated with verbal processing and b) can also advantage non-dominant
bilinguals. Specifically, bilinguals show greater connectivity between the dorsolateral and
inferior frontal regions and inferior parietal lobes (together referred to as the frontoparietal
control network; Cole & Schneider, 2007) and the osterior cingulate, ventromedial prefrontal
cortex, angular gyri and parahippocampal gyri (together referred to as the default mode network;

26

Andrews-Hanna, 2012). The connection between these two networks improves attention control
in bilinguals compared to monolinguals (Grady et al., 2015).
Indeed, one area of the brain that is particularly implicated in directing attention is
working memory (Baddeley, 2012), where several differences between monolinguals and
bilinguals have been found. Specifically, strong evidence exists in support of a bilingual
advantage in executive functions (Bialystok et al., 2012), which is a set of cognitive skills that
operate with limited resources and support functions such as sustained attention (e.g., working
memory; Miyake et al., 2000). Recent evidence demonstrates brain regions involved in executive
functions are similar to the ones implicated in language control and selection. These generally
include the lateral and medial pre-frontal cortex and the inferior and superior parietal lobe (De
Baene et al., 2015). All of these areas are broadly responsible for sustaining or shifting attention
for linguistic or non-linguistic information (i.e., attention control). To exemplify the overlap
between linguistic and non-linguistic control, the medial prefrontal cortex activates when
individuals are monitoring incoming information for its relevance to the task at hand and is
active when monitoring the context for the appropriate language to use (Abutalebi et al., 2013).
Altogether, the cognitive effects of differential language use are not specialized to the
neural circuits and associated functions of the language domain (De Baene et al., 2015). Indeed,
these differences between monolinguals and bilinguals in the activation of circuitry associated
with attention and working memory might help explain the differences found between these
groups in working memory functions and Gf test performance. Additionally, as mentioned in
chapter one, the development of these brain regions in stages of life after early childhood might
raise concerns about the generalizability of research findings from bilingual and monolingual
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participants in this life stage showing equivalent Gf test performance. Before discussing these
topics in detail, I will provide a brief overview of working memory.
Working Memory
Working memory is a limited capacity system that stores and manipulates information so
it can be used for various cognitive operations (Baddeley, 2012). Between three and four pieces
of information can be actively stored at one time (Farrington, 2011), but incoming information
can easily override the current store. As such, information in working memory can rapidly
deteriorate (Jonides et al., 2008).
The multistore theory of working memory states working memory is comprised of four
elements. The phonological loop and visuospatial sketchpad, respectively, hold auditory and
verbal and visual and spatial stimuli in mind and keep this information in an activated state to be
processed. The central executive is in control of attention; its functions include but are not
limited to focusing attention on one thing to the exclusion of all else or splitting attention
between two stimuli, as well as interfacing with other parts of the brain such as long-term
memory (Baddeley, 2012). The final component is the episodic buffer, which connects working
memory both to perceptual systems and long-term memory to store multidimensional
information. That is, the episodic buffer combines features from different sources (e.g., visual or
auditory) into chunks or episodes not only perceptually but also in creative ways so humans can
imagine new things. Here, the episodic buffer extracts and combines long-term memories into
novel information to be maintained in working memory (e.g., a giraffe playing soccer). However,
because this process demands a significant amount of attention, the episodic buffer is proposed
to be strongly connected to the central executive to draw out the correct information from longterm memory and conjure up the appropriate episode (Baddeley, 2012). Together, these systems
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enable working memory to carry out several functions, which occurs differently for nondominant bilinguals and monolinguals. Below, I outline differences in these functions.
Differences Between Non-Dominant Bilinguals and Monolinguals in Working Memory
Functions
Working Memory Capacity
The first such feature is working memory capacity, a component of the central executive,
which reflects limitations on an individual’s ability to maintain information in an active, easily
retrievable state. Said differently, capacity refers to an individual’s ability either to retain
information in the presence of distracting stimuli or any information that shifts attention from
what is currently being stored (Engle, 2002). Particularly regarding these cognitive capabilities,
non-dominant bilinguals are thought to have superior capacity to monolinguals. Even when a
second language is not used dominantly, two languages are constantly active in a bilingual brain
(Dijkstra, 2005; Kroll et al., 2006; Marian & Spivey, 2003). Consequently, non-dominant
bilinguals develop the ability to bring the appropriate language for a context into focus and
simultaneously to suppress the language not needed in that situation. Although all humans
frequently must maintain their attention on particular stimuli and suppress distracting
information coming into the brain, because monolinguals do not additionally need to manage
language selection, their ability to maintain attention is not as strongly developed as that of
bilinguals (Grundy & Timmer, 2017).
For example, Morales and colleagues (2013) asked participants to press a key in response
to a particular image. The correct key was either in the same or different position as the image
(respectively referred to as a congruent or incongruent trial), requiring them to suppress the
position of the image to select the proper key position. Even on the incongruent trials, bilinguals
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had a faster reaction time than monolinguals. Similarly, a capacity difference of around one word
was found between bilinguals and monolinguals when individuals were asked to read several
sentences aloud and to recall only the last word seen for each trial (van den Noort et al., 2006;
Vejnović et al., 2010). Such a task required participants to suppress the remainder of the sentence
and bring into focus only the words to be recalled. Taken together, research suggests bilinguals
have a small but significant working memory capacity advantage (Grundy & Timmer, 2017).
Updating
Updating is a second working memory function in which bilingual and monolingual
differences have been found. Updating involves both monitoring information for its continued
relevance to the situation at hand and revising or replacing information that is no longer judged
relevant with newer, more appropriate information for the context (Morris & Jones, 1990). Nondominant bilinguals are believed to utilize this working memory function more than
monolinguals; even though a language is used non-dominantly, bilinguals constantly verify the
language being used is relevant to the circumstances at hand (Rosselli et al., 2015). This
vigilance is thought to require continuous activation of the updating function, a cognitive
demand monolinguals do not face (Colzato et al., 2008; Costa et al., 2009; Grundy et al., 2017).
Empirical evidence supports this advantage. For example, Qu and colleagues (2015) had
participants perform a task in which they had to sort stimuli according to a dominant or nondominant dimension. The dominant dimension alternated between color and shape, requiring
participants to update constantly their representation of the dominant dimension. Bilinguals
outperformed monolinguals on this task. Similarly, Jiao and colleagues (2019) found bilinguals
outperformed monolinguals on a task requiring individuals to press a key in response to a target
letter. They only had to engage in this action when the target changed from one letter to another.
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Thus, participants had to update constantly the letter to which they were responding. The
bilingual advantage has also been found in tasks where the response modality rather than the
presented stimulus required updating. Specifically, Bialystock et al. (2006) presented participants
with both auditory and visual stimuli. Participants were asked to sort the stimuli into categories,
either letter/numbers and animals/musical instruments, pressing a key for categorizing visually
presented stimuli and verbally indicating the category for auditorily presented stimuli. Although
the content to be updated was different, bilinguals correctly categorized more stimuli. Therefore,
bilinguals might also be thought to have superior updating capabilities.
Coordination
Coordination, defined as the ability to integrate distinct stimuli into new representations
(Oberauer et al., 2013), is the third working memory capability where bilingual-monolingual
differences have been found. Commonly, coordination is operationalized as monitoring because
information must be carefully attended to to comprehend its features and the ways it can be
manipulated into new structures (Buehner et al., 2006). Non-dominant bilinguals are believed to
be advantaged in this capability compared to monolinguals. Indeed, bilinguals are thought to be
more efficient at tasks that require them to switch between conflicting (incongruent) and nonconflicting (congruent) situations, because they frequently must suppress irrelevant or conflicting
information in their daily lives (Bialystock et al., 2006; Costa et al., 2008). However, skill in
implementing this attentional strategy requires individuals to monitor carefully these situations
for signals of when it is necessary to suppress attention. Indeed, monitoring and updating are
thought to be related (De Baene et al., 2015); bilinguals closely attend to the language being used
in a situation to select and utilize the appropriate one (Costa et al., 2009; Rosselli et al., 2015).
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Empirical evidence exists in support of both a bilingual advantage in monitoring
capability and of the relation between monitoring and updating. More specifically, in 2008,
Costa et al. found bilinguals performed a flanker task faster than monolinguals. In a flanker task,
individuals must indicate if a target arrow points to the right or left, however the trials switch
such that the target is either surrounded by arrows that point in the same (a congruent trial) or
different directions (an incongruent trial). These authors later replicated their findings in a
different sample, finding bilinguals performed a flanker task with a greater proportion of
incongruent trials faster than monolinguals (Costa et al., 2009). Bilinguals’ ability to perform this
task faster than monolinguals is believed to be because of their superior monitoring ability. This
advantage is also seen on tasks that concurrently assess updating. Specifically, while Qu and
colleagues (2015) tested updating capability, these authors simultaneously assessed monitoring
abilities with their task; participants were presented with trials that varied in how frequently the
dimension to be sorted on changed. In the low monitoring conditions, 85% of the trials repeated
the dimension and 15% of the trials changed the dimension and vice versa for the high
monitoring trials. Bilinguals outperformed monolinguals in the high monitoring trials.
While some studies have found no bilingual advantage in monitoring tasks (Lehtonen et
al., 2018; Ratiu et al., 2017), these studies assessed the monitoring function in isolation. By
contrast, bilinguals’ superior performance in Qu et al. (2015) lends insight into the debate
regarding the existence of this advantage because several working memory capabilities were
assessed concurrently. As monitoring and updating are both proposed to be part of the executive
control system (Miyake et al., 2000) and are moderately correlated (De Baene et al., 2015), their
study might offer a more accurate view of the cognitive benefits of bilingualism, particularly as it
relates to working memory functions.
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The Relation Between Working Memory and Fluid Intelligence
Findings showing disparities between bilingual’s and monolingual’s working memory
functions are especially important when speculating about whether a bilingual advantage will
exist in Gf test performance, as working memory capabilities and Gf have been found to have a
strong relation (Colom et al., 2008). For some time, this relation has received considerable
attention in the literature. Some researchers have argued working memory and Gf to be
indistinguishable (Martínez et al., 2011). However, others have made more modest conclusions
finding working memory and Gf shared 19.8% of their variance (Ackerman et al., 2005). Briefly,
bringing recently encountered information to the forefront of one’s mind is critical for reasoning
with unfamiliar stimuli and engaging in complex goal-oriented behaviors, abilities assessed on
Gf tests. As discussed above, because several neural circuits within working memory are
responsible for these cognitive activities (e.g., the phonological loop allows individuals to
combine and apply information in novel ways; Baddeley, 2012), this empirical relation is
theoretically consistent (Clark et al., 2017).
Consequently, many studies have identified working memory as a strong predictor of Gf.
For example, path coefficients between .45 and .66 have been found between working memory
and Gf (Martínez & Colom, 2009; Unsworth et al., 2009). Further, meta-analytic evidence shows
training working memory on tasks that require consistent updating and expanded storage
capacity (e.g., an n-back task that requires participants to indicate if a presented stimulus in a
trial matches the one presented several trials prior) enhanced performance on several fluid
reasoning exercises (Au et al., 2015; Soveri et al., 2017).
Additional evidence for the relation between working memory and Gf comes from the
neurocognitive literature. Specifically, working memory is believed to activate the fronto-parietal
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brain regions, which includes the lateral frontopolar cortex, anterior, medial and lateral prefrontal cortex, and the inferior and superior parietal lobe (Chai et al., 2018). Barbey et al. (2014)
concluded measures which require manipulating information into new representations activate
the fronto-parietal network. Further, an n-back training was found to enhance the grey matter in
these regions (Román et al., 2017), which are essential for and very active during reasoning
(Braver et al., 2007; Geake & Hansen, 2005). Specifically, frontal brain regions are largely
responsible for updating relevant information, and parietal areas are involved in storing that
which is most relevant (Colom et al., 2007). Burgess and colleagues (2011) also found activation
of the lateral and medial pre-frontal cortex and the parietal lobe accounted for 25% of the
variance in Gf test performance. Thus, there seems to be an overlap between active brain areas
and the functions most important for Gf test performance.
Despite general agreement that working memory accounts for a portion of an individual’s
Gf capabilities, a smaller body of work has focused on which working memory functions are
responsible for the relation between working memory and Gf. Within this smaller literature,
many of the functions identified are those in which bilingual advantages have been found.
Indeed, working memory capacity has been identified as one such function with some studies
finding that 50% of the variance was shared between these constructs (Kane et al., 2005). This
strong relation is thought to exist because capacity and reasoning abilities originate in the same
attentional system and together create a mental context in which information can be represented
and evaluated to create a new form. More specifically, working memory capacity simultaneously
allows individuals to focus attention on relevant stimuli and detract attention from and discard
irrelevant information (Engle, 2002). Similarly, when solving a Gf problem, working memory
capacity allows one to form a stable representation of the problem so that hypotheses about the
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new form it is to take can be evaluated for their feasibility. Further, sustained attention allows
one to ignore false solutions. Hypotheses deemed unfit are discarded, and the supported one is
reported as the answer. These actions within working memory capacity allow for the
transformation of initial stimuli into new interpretations (i.e., Gf; Shipstead et al., 2016).
Updating is also found to be highly predictive of Gf and was claimed to be the executive
process with the strongest relation to fluid reasoning (Friedman et al., 2006). Path coefficients
between updating and a battery of Gf measures ranging from .75-.81 have been reported (Chen
& Li, 2007). Like capacity, the purpose of updating is to assess incoming stimuli for relevance to
the task at hand and to replace irrelevant information with that which is new and appropriate.
Within this process, information is constantly transformed into new representations (Miyake et
al., 2000). Finally, coordination has been found to be implicated in the relation between working
memory and Gf. Abstraction, or the process of considering something independently of its
concrete accompaniments so it can be applied to new situations, is both a capability assessed in
Gf tests and what occurs when the coordination function integrates distinct pieces of information
into new structures (Chen et al., 2019; Oberauer et al., 2013). Indeed, mental coordination was
found to enhance performance on Gf measures (Chen et al., 2019).
Implications for Bilingual vs. Monolingual Fluid Intelligence Test Performance
Overall, research seems to suggest storage capacity, updating, and coordination are the
working memory functions critically involved in explaining the relation between working
memory and Gf (Colom et al., 2008). Further, there is some evidence bilinguals have a larger
working memory capacity (Grundy & Timmer, 2017), are more advanced in tasks that require
updating (Qu et al., 2015), and perform better on tasks that assess the monitoring capabilities of
working memory, a common operationalization of coordination (Costa et al., 2009), suggesting
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bilinguals might demonstrate superior Gf test performance. However, this conclusion contradicts
prior research which shows these two groups demonstrate equivalent performance on Gf tests
(Engel de Abreu, 2011; Greenberg et al., 2013; Woumans et al., 2016). One reason for such a
discrepancy might be because these studies were conducted with samples of children eight years
of age or younger. Particularly for these working memory functions, significant developmental
changes occur after early childhood, confounding the stability of these findings over time.
Indeed, characteristic of working memory capacity is its steady improvement across
development (Simmering & Perone, 2013). As individuals age, an increase in myelination occurs
in the brain which builds tissue around neuronal fibers to enhance connectivity, efficiency and
interference. Subsequently, information maintenance and retrieval (i.e., processing) is more
streamlined and faster. That is, over time, individuals can store and maintain focus on more
information in the presence of distracting stimuli with fewer resources (Case, 1995).
Moreover, such enhanced interference plays an important role in additional working
memory functions. Specifically, an important component of the updating process is retrieving the
correct replacement stimulus among competing stimuli in working memory (Ecker et al., 2010).
Performing this operation correctly requires one resist succumbing to interfering information,
which can be challenging as information held outside of the focus of attention is not as well
represented and can become hard to distinguish from each other (Neath, 2000). As frontal lobe
connections, which allow for more controlled thought, are not fully developed, younger children
were found to suffer from confusion at retrieval (Rodríguez-Villagra et al., 2013). As their
interference ability develops, individuals are found to perform this operation more quickly and
accurately, enhancing updating capability over time (Lendínez et al., 2015; Linares et al., 2016).
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Given the close relation between updating and coordination, the overlapping neural
regions necessary to carry out these functions is unsurprising. Indeed, frontal lobe regions (i.e.,
the medial frontal and prefrontal cortex, brain areas largely responsible for cognitive control), are
implicated in monitoring or sustaining attention (Coste & Kleinschmidt, 2016; Fassbender et al.,
2004) in addition to selecting and updating the appropriate stimulus. Notably, these functions
develop in late childhood into early adolescence (Davidson et al., 2006), showing increased
activity and connectivity starting at age 10. Simultaneously during this time, less activity is seen
in the default mode network, typically operative when the mind is not focused or wandering
(Rubia, 2013). Indeed, as children progress to adolescence, grey matter, which is comprised of
less myelinated axons, decreases, allowing for greater integration in the frontal lobes. Thus, with
age, individuals develop enhanced monitoring capability, a critical component of coordination.
Altogether, cognitive development, particularly in the areas most related to Gf test
performance, highlight the importance of assessing Gf performance differences between
bilinguals and monolinguals in populations other than children. Indeed, nearly all the literature
reviewed above demonstrating differences in these capabilities between language groups were
conducted with samples over the age of eight. Thus, I make the following prediction:
Hypothesis 1: English non-dominant bilinguals will perform better on Gf tests than
English monolinguals.
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Chapter 4: Item-Type: Implications for Bilingual-Monolingual Fluid Reasoning Test
Performance
While aspects of both working memory’s storage and processing components are heavily
involved in Gf test performance (Colom et al., 2008), and disparities seem to exist in their
functioning between non-dominant bilinguals and monolinguals (Costa et al., 2009; Grundy &
Timmer, 2017; Qu et al., 2015), I argue the types of items present on the Gf assessment might
influence whether non-dominant bilinguals have enough resources to use their advanced working
memory capabilities and demonstrate superior Gf test performance over monolinguals.
Specifically, resources are needed to carry out working memory functions such as capacity (i.e.,
storage), updating and coordination (i.e., processing). However, working memory has a finite
number of resources for maintaining and processing material (Baddeley, 2012). Therefore, longterm memory acts as an extension of working memory, assisting in representing information,
which frees up resources in working memory to store and process incoming material (Baddeley
& Logie, 1999). As I will explain in detail in this chapter, how much long-term memory can
support working memory might vary between non-dominant bilinguals and monolinguals
depending on if the material to be stored and processed is a novel graphic or pseudoword.
Consequently, for each item type, non-dominant bilinguals and monolinguals might have
disparate amounts of resources to activate the working memory capabilities needed for
successful Gf test performance.
Long-Term and Working Memory: The Unitary and Multistore Perspectives
Indeed, the relation between long-term and working memory has been a debated subject
for some time, and two major perspectives have emerged. In the unitary perspective, scholars
postulate working and long-term memory cannot be separated into distinct systems; working
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memory is essentially the information in long-term memory that is activated or accessible
(Cowan, 2010). More specifically, the posterior cortical systems first both receive linguistic and
visual input from several sensory systems and participate in the initial extraction of meaning of
these stimuli. To do so, the pre-frontal cortex, which is responsible for controlling working
memory, activates representations in long-term memory. Through this process, information
arrives in working memory to be maintained and processed (Ruchkin et al., 2003). Importantly,
the representations in long-term memory that become activated and arrive in working memory
partly depend on how accessible they are, and such representations vary in their baseline
activation levels. Factors like experience or time elapsed since last activation can influence
baselines (Lewis & Visishth, 2005).
By contrast, in the multistore perspective working and long-term memory are postulated
to be distinct systems (Baddeley, 2012). Support for this view comes from early studies showing
performance on long-term memory tasks remains intact despite working memory impairments
(i.e., low digit span; Shallice and Warrington, 1970; Vallar & Baddeley, 1984). Thus, in this
model, information from the sensory systems initially arrives in and is already present in
working memory to be maintained and processed, but long-term memory aids in this task. More
specifically, the central executive and episodic buffer activate and integrate information in both
the phonological loop and visuospatial sketchpad (i.e., the working memory components) with
that from long-term memory. Like the unitary perspective, information activated in long-term
memory supports the processing and comprehension of the linguistic and graphic material stored
in the phonological loop and visuospatial sketchpad (Baddeley & Logie, 1999). As another point
of similarity between the two models, material in long-term memory with which individuals have
greater experience or familiarity is more readily accessible for support. For example, participants
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were able to recall more words than non-words (Schweickert et al., 1996) or words that were
encountered more frequently (Engle et al., 1990), indicating experience impacts the transition of
information from long-term to working memory to help with the processing needed for recall
(Saint-Aubin & Poirier, 1999).
Taken together, both models mainly diverge in how information from long-term memory
arrives in working memory but converge in the postulation that the support of long-term to
working memory might be strongest when the individual has comparable representations to the
new material from which to draw. Such a conclusion has implications for how much long-term
memory can be leveraged to equalize Gf test performance for non-dominant bilinguals and
monolinguals; these two groups might have disparate representations from which to draw to aid
their storage and processing depending on the types of novel items present on the Gf assessment.
Fluid Intelligence Test Items
Item Differentiation
Indeed, Gf items have been long differentiated according to their type, as individuals
have different varieties of reasoning abilities (Lakin & Gambrell, 2012). Specifically, Carroll
(1993) identified three kinds of cognitive capabilities that comprised the reasoning domain.
Sequential or deductive reasoning problems emphasize the ability to reach a conclusion from a
set of rules. By contrast, inductive reasoning problems require individuals to identify a common
characteristic (e.g., rule, class membership etc.) among a set of stimuli. Finally, quantitative
reasoning problems ask of subjects to arrive at a mathematical result using inductive and/or
deductive reasoning. Because sequential reasoning problems are considered a hallmark indicator
of fluid reasoning, they will be utilized in this study (Schneider & Newman, 2015). As an
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example, an individual asked to complete a sequential reasoning problem would see a series of
statements or rules such as:
1) A is smaller than B.
2) B is bigger than C.
3) D is smaller than B.
4) D is bigger than C.
The person would then be asked to ascertain the veracity of a question like: Is D smaller than A?
Shortly after making distinctions between reasoning abilities, scholars theorized these
abilities could be further fragmented, as individuals can reason about different things (Wilhelm,
2005). Said differently, Gf is an ability that applies to different types of content including verbal,
figural and numerical (Beauducel et al., 2001). As mentioned previously, Gf tests commonly
contain figural and verbal items, particularly presented in a novel way (Wasserman &
Wasserman, 2017). Moreover, the amount of resource-saving long-term to working memory
support might vary between non-dominant bilinguals and monolinguals for novel graphics and
pseudowords. Thus, I will examine these two types of items in this study. For clarity, a
sequential reasoning problem containing novel content would have the same format as what is
shown above, but the novel material would be the content being reasoned about. For example,
the statements would read:
1) Alashing is smaller than Delating.
2) Delating is bigger than Murdiest.
3) Verises is smaller than Delating.
4) Verises is bigger than Murdiest.
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As I will explicate below, the amount of long-term memory support given to working memory
for both types of items might be diminished in light of the novelty of the content. However, this
support might be disparately weakened between non-dominant bilinguals and monolinguals for
novel verbal (i.e., pseudowords) compared to graphic item types due to the differential
representations of the English language compared to shapes and patterns from which these two
groups have to draw.
Processing Novel Item Content
Pseudowords
Pseudowords are becoming a popular form of novel content (Fagan & Holland, 2009).
Despite their unusualness, pseudowords are still verbal in nature and therefore simultaneously
engage the phonological loop (the working memory component responsible for storing auditory
and verbal material), the central executive and the episodic buffer (the working memory
components that interface with long-term memory; Baddeley, 2012). More specifically, when
encountered in a sequential reasoning problem, the phonological loop stores or maintains the
pseudoword, or the main content being reasoned about, and the central executive and episodic
buffer engage long-term memory to help process the content. Processing is believed to first
include the extraction of content meaning so fewer resources are required for storing it (Ruchkin
et al., 2003). The central executive, in conjunction with the episodic buffer, utilize finite
resources in working memory to engage cognitive strategies that activate in long-term memory
association words, and help an individual understand the pseudowords (Baddeley & Logie,
1999). Chunking (i.e., a cognitive technique in which individuals break information into pieces
that are currently or approximately those held in memory) or forming associations to current
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representations of words, are two strategies engaged to activate long-term memory when trying
to reason with novel content (Baddeley et al., 1988; Baddeley & Logie, 1999).
The other processing component in a sequential reasoning problem engages the
remaining resources in the central executive to identify the content’s relationship to other
pseudowords stated in the rules (Carroll, 1993). Specifically, resources would be allocated
toward the updating and coordination functions described in the previous chapter. In this way,
the subsequent questions about the pseudoword relationships can be answered. While accessing
long-term memory usually serves to conserve the remaining working memory resources needed
to store and process the novel content, the utility of this auxiliary role is lessened for
pseudowords; fewer representations of comparable content make it harder to chunk the novel
words up into represented pieces (Baddeley, 2012). Thus, more demand is placed on working
memory; several resources are consumed during the initial processing stage, leaving few for the
reasoning needed to perform well on the Gf test items (i.e., updating and coordination). Indeed,
memory span was found to be smaller for common than nonsense words (Baddeley et al., 1987),
suggesting capacity is smaller for novel content; long-term memory can do less to conserve
resources and augment it.
Further, the weakened connection between long-term and working memory for these
stimuli might be exaggerated for non-dominant bilinguals compared to monolinguals. Because
the exposure to another language limits non-dominant bilinguals’ exposure to and use of English
(Kaushanskaya et al., 2011) they have comparably fewer representations of the English language
than English monolinguals. Thus, non-dominant bilinguals might be especially restricted in their
ability to use association words or draw from long-term memory recognizable word
representations to help chunk up and comprehend the pseudowords. Indeed, non-dominant
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English bilinguals were found to perform significantly worse than their monolingual counterparts
on an English vocabulary measure (Portocarrero et al., 2007). Similarly, Korean-English
bilinguals scored higher on a nonword working memory task when the nonword stimuli were
derived from plausible syllables from their dominant language (Korean) as opposed to their nondominant language (English; Kaushanskaya & Yoo, 2013). Such findings are believed to be due
to the relative ease of access for phonological information in one’s more dominant language. The
results of these studies support the proposition suggesting a less common non-dominant language
restricts long-term memory assistance, limiting non-dominant bilinguals’ ability to reason with
pseudowords. Altogether, as so many resources are devoted to storing and initially processing
the pseudowords, non-dominant bilinguals compared to monolinguals might have even fewer
resources remaining to engage the updating and coordination functions needed to successfully
complete the sequential reasoning test item correctly, diminishing their Gf test performance
below that of monolingual test-takers.
Novel Graphics
Just as with novel verbal items, individuals commonly encounter unfamiliar images on
fluid reasoning assessments. While these items are comprised of different content, the way they
are processed is comparable to that of items with pseudoword stimuli. One dissimilarity is novel
graphic items engage the visuospatial sketchpad (the working memory component responsible
for maintaining visual information) rather than the phonological loop (Baddeley, 2012). The
central executive and episodic buffer are similarly engaged to connect with long-term memory.
In particular, the central executive and episodic buffer utilize resources to enact related cognitive
strategies as those used to process novel verbal stimuli (i.e., chunking or making associations to
represented information). However, to understand novel graphics, connections are made to
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recognizable features (i.e., facets of the image that resemble known shapes; Smith et al., 2010)
rather than words or phonemes.
While the content of the association varies, long-term memory also has a diminished
supportive function for storing and initially processing the novel stimuli as individuals are less
acquainted with the graphics. For example, Baddeley & Andrade (2000) found participants had
weaker representations of nonsense than common images, suggesting a smaller capacity for
novel graphics exists; long-term memory can preserve fewer resources in working memory given
its limited supplemental role. Again, more working memory demand exists; several resources are
consumed storing and processing the novel content at the outset, leaving fewer for the updating
and coordination needed to successfully complete sequential reasoning problems on a Gf test.
Unlike pseudoword items, bilinguals and monolinguals might be more equally limited in
how much resource-saving long-term memory support is given to working memory. Specifically,
the discrepancy in graphical representations between bilingual and monolingual individuals
might not be as severe as it is for pseudowords as more substantial differences exist in
vocabulary representations for bilinguals and monolinguals than in pattern recognition and
shapes (Sanchez et al., 2010). Thus, on items containing novel graphics, English non-dominant
bilinguals might have enough resources remaining to engage superior working memory functions
compared to English monolinguals that are needed to carry out the processing required to
perform well on sequential reasoning problems. However, English monolinguals might
outperform English non-dominant bilinguals on Gf test items containing pseudowords as the
former group might have more processing resources remaining than the latter. I predict:
Hypothesis 2: Item type will moderate the relation between linguistic experience and Gf
test performance such that English non-dominant bilinguals will be advantaged compared to
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English monolinguals when Gf tests contain novel graphical stimuli, but disadvantaged
compared to English monolinguals on Gf tests with pseudoword stimuli.
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Chapter 5: Mobile Device Features and Fluid Reasoning Test Performance Differences on Novel
Graphic and Pseudoword Items
The Growth of Mobile Assessment
In 2015, mobile assessment was first on the list of SIOP’s top 10 workplace trends as the
number of applicants taking assessments on mobile devices rapidly increased (Arthur et al.,
2018). As mentioned in an earlier chapter, 15% of organizations participating in the Global
Assessment Trends Survey make their pre-employment assessments available to applicants on a
mobile device (Kantrowitz et al., 2018), up from 4% four years earlier (Kantrowitz, 2014). One
driver of the increase in both research interest in mobile assessment and its use in practice is the
growing number of individuals who own mobile devices. As of 2019, 81% of adults in the
United States owned a smartphone, 52% owned a tablet and 17% were solely dependent on their
smartphones for internet access (Pew Research Center, 2019). Applicants’ desire to have some
semblance of control in the selection process (Derous et al., 2004; Tippins, 2015) also drives the
increase in mobile assessment as mobile devices allow applicants to complete the assessment in
the place of their choosing (Arthur et al., 2018).
Despite tremendous growth in mobile device usage for pre-employment testing, scholarly
research on the topic lags. Indeed, mobile assessment represents what has come to be known as a
“science-practice gap” or a discrepancy between the information produced from scientific
research and that which practitioners use as the basis for new organizational interventions or
practices (Aguinis et al., 2019). Research interest in the topic came about after rapid
technological advancements changed the way assessments were designed and administered in
organizations (Tippins, 2015). In fact, initial mobile assessment research was published no
earlier than 2012, around the same time smartphone ownership surged (Arthur et al., 2018; Pew
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Research Center, 2019). As practice drives this novel research stream, the majority of published
works on mobile assessments are conference presentations rather than peer reviewed journal
articles (Arthur et al., 2018). From this literature, two major findings have emerged.
Key Findings in Mobile Assessment Research
First, studies generally show psychometric equivalence between device types. More
specifically, on situational judgment tests, personality assessments, cognitive ability tests and
biodata forms, scholars have found similar factor loadings and reliability and validity estimates
when tests were given on mobile and non-mobile devices (Arthur et al., 2014; Brown &
Grossenbacher, 2017; Illingworth et al., 2015; Morelli et al., 2014). Such findings are critical
because test developers are required under The Principles to ensure any alternative form of a test
is psychometrically comparable to the original. Doing so ensures the test is legally defensible
and acceptable to the candidate (SIOP, 2018). Second, score differences between mobile and
non-mobile assessments might be seen even for tests that show psychometric equivalence across
devices. Many reports of performance differences were seen in studies comparing tests of
cognitive constructs, with lower scores found on mobile compared to non-mobile devices
(Arthur et al., 2014; Fursman, 2016; LaPort, 2016). However, in studies of non-cognitive
constructs, negligible score differences were reported (Arthur et al., 2014; Huff, 2015;
Illingworth et al., 2015).
Indeed, scholars have fixated on the test content as an explanation for why such
differences exist, specifically focusing on the processes through which mobile device use for
assessment completion deters performance. More specifically, performance on mobile cognitive
tests is thought to be hindered because mobile devices create construct irrelevant variance or
cognitive demands unrelated to the cognitive constructs assessed on intelligence tests (Arthur et
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al., 2018). However, it is not always the case score differences are found on cognitive tests taken
on different media. For example, Brown and Grossenbacher (2017) and Castillo and Doe (2017)
reported relatively equal performance across groups taking a cognitive test on a mobile and nonmobile device. Thus, while some credence to and empirical support exists for this explanation,
inconsistent findings warrant a more nuanced examination into the factors that increase or
decrease score differences for cognitive tests taken on mobile and non-mobile devices.
As discussed in the last chapter, content distinctions can be made beyond cognitive and
non-cognitive. That is, cognitive assessments such as fluid reasoning tests can contain verbal or
non-verbal content, which influence the number of working memory resources available to carry
out cognitive operations for Gf test performance and can potentially create score differences
between non-dominant bilinguals and monolinguals. Following a similar logic, a systematic
approach for understanding the inconsistent cognitive test score differences found between
mobile and non-mobile devices might also involve making further distinctions. That is, rather
than just distinguish between mobile and non-mobile devices, specific features that vary between
these two technologies should be considered. In their structural characteristics/information
processing (SCIP) framework, Arthur and colleagues (2018) make such distinctions.
The SCIP Framework
These authors explain how the relations between four mobile device characteristics and
specific cognitive abilities increase construct-irrelevant variance and impact test performance
outcomes. Said differently, a main point of this framework is to explain how score differences
found on mobile and non-mobile technologies are due to structural characteristics of the devices.
These characteristics are a) screen size, b) screen clutter, c) response interface, and d)
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permissibility and they respectively influence a) working memory, b) perceptual speed and
visual acuity, c) psychomotor ability, and d) selective attention in the following ways:
Screen Size
Screen size is simply the amount of space available for viewing information. When
placed on a continuum, mobile devices tend to have smaller screens than non-mobile ones.
Consequently, less information is in the test-taker’s immediate view, placing greater demand on
working memory. As discussed, working memory is engaged to aid test takers in storing and
manipulating information. Therefore, an item stem or response option is more often hidden from
view on a mobile device, placing greater storage and retrieval demands on working memory to
respond to the question than would be required on a non-mobile device.
Screen Clutter
Screen clutter is defined as the readability or density of information within the confines
of the screen. Because it is related to size, mobile devices tend to have more screen clutter (e.g.,
text, images) than non-mobile devices. Excess clutter on mobile devices can increase demands
for visual acuity (i.e., the ability to discern details) and perceptual speed (i.e., the ability to
compare similarities and differences between stimuli) needed to answer a question.
Response Interface
Response interface is the way a test taker interacts with the device. On a non-mobile
device, interaction is typically done through a physical keyboard and mouse, whereas individuals
usually interact with a mobile device through a virtual keyboard or stylus. Thus, mobile devices
are theorized to require more psychomotor abilities (i.e., the capacity to manipulate and direct
objects) than non-mobile devices. Test takers have a harder time manipulating stimuli on a
mobile device as more wrist and finger speed and dexterity, and arm-hand steadiness are needed.
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Permissibility
Finally, permissibility refers to the test-taker’s freedom to choose the test location and
conditions and impacts the number of distractions to which the test taker might be subject during
assessment. Consequently, permissibility is thought to influence selective attention or one’s
ability to focus attentional resources on the task at hand in the presence of irrelevant diversions.
Because mobile devices, by definition, allow a test taker to be untethered from one location,
greater selective attention demands are imposed. In fact, Chang and colleagues (2016) found job
applicants who completed their pre-hire assessments on a mobile device self-reported more
environmental distractions than those who completed the assessments on a non-mobile device.
SCIP Framework Propositions
In addition to delineating the structural differences between mobile and non-mobile
devices, Arthur and colleagues (2018) argued the influence of mobile device features on specific
abilities detract cognitive resources that would otherwise be used to solve intelligence test
problems, increasing the difficulty of mobile compared to non-mobile intelligence assessments.
Because empirical findings reveal this is not always the case (Brown & Grossenbacher, 2017;
Castillo & Doe, 2017), the questions remain: on which types of intelligence tests and for which
groups will which mobile device characteristics impact score differences? Because of the
connections to working memory, and the intricate relations between linguistic experience,
working memory and Gf (Colom et al., 2008), this framework can be used to make predictions
about non-dominant bilinguals’ and monolinguals’ score differences on Gf tests given on
different devices. Specifically, mobile device features related to demands on working memory
(i.e., the scrolling required to view information on a smaller screen) was the characteristic
considered in this study. While I acknowledge these device features all operate simultaneously
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during mobile assessment, I opted to investigate the influence of this one specific factor to
address the aforementioned questions systematically. Further, grounding my choice in theory
will aid in closing the mobile assessment science-practice gap.
Working Memory, Item Type and Scrolling Demands’ Influence on Fluid Intelligence Test
Performance Differences
Working Memory and Executive Control
The need to scroll might influence the magnitude of non-dominant bilingual and
monolingual Gf test score differences containing different items because of the connections
between working memory and executive function. Executive function, which includes inhibition,
shifting and working memory is a set of abilities largely responsible for controlling cognitive
processes (Miyake & Friedman, 2012). Working memory is argued to be the most important
executive function component (Morales et al., 2013).
Though not consistently, more and more empirical evidence shows bilinguals outperform
monolinguals on executive function tasks (for a review see Hilchey & Klein, 2011). For
example, in a study assessing the working memory component of executive function, Luo et al.
(2010) found bilinguals outperformed monolinguals on a letter fluency task in which participants
had to generate as many words as possible from a phonemic category. A bilingual advantage has
been found on other tasks assessing the working memory component of executive function
(Costa et al., 2008; Costa et al., 2009; Luo et al., 2013).
Findings that show a bilingual advantage are common in tasks that require high levels of
executive control (i.e., the ability to consciously allocate limited cognitive resources to tasks in
order of their priority; Adesope et al.2010; Bialystok et al., 2006; Qu et al., 2015). For example,
Luo and colleagues (2010, 2013) found bilinguals excelled at the working memory tasks that
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required more executive control in comparison to monolinguals. More specifically, in their 2010
study, they argued letter fluency tasks involve executive control because generating words from
phonemic categories in comparison to semantic categories is a less common word retrieval
strategy. The added cognitive demand requires the task be done with fewer cognitive resources
(Delis et al., 2001). Similarly, Costa and colleagues (2009) asked participants to complete a
flanker task, but the congruent and incongruent trials were evenly presented. Thus, participants
had to utilize their cognitive resources to monitor the direction of the target arrow more
carefully, as it was not always facing in the same or opposite direction as the surrounding arrows.
Excess monitoring increases the number of resources needed to complete the task; a bilingual
advantage was reported only in the high monitoring condition.
Many scholars attribute these findings to bilinguals practicing and enhancing their
executive control throughout their lives. Needing to learn and use two languages effectively is
not done automatically and over time can change the structure and functioning of the brain.
Moreover, bilingualism requires one to use cognitive skills that monolinguals either do not have
or use less often (Abutalebi et al., 2013). Specifically, controlling two languages (e.g., inhibiting
cross-language interference) consumes cognitive resources, creating a strain monolinguals do not
face. Thus, bilinguals are believed to allocate their remaining working memory resources more
efficiently than monolinguals because they have extensive practice doing the same cognitive
activities as monolinguals but with fewer resources, magnifying their executive control
capability (Jiao et al., 2019). Indeed, as so many studies find support for bilingual’s superiority
in executive control (Blom et al., 2014, Costa et al., 2009; Luo et al., 2013; Morales et al., 2013,
Qu et al., 2015), scholars have termed it the bilingual advantage.

53

The Influence of the Bilingual Advantage on Fluid Intelligence Test Score Differences
The bilingual advantage might be seen when a Gf assessment containing novel stimuli
requires scrolling compared to when it does not, as the interaction of such task characteristics
might place high demands on working memory. Recall from the previous chapter that storing
novel content (as is commonly found on Gf tests) places a demand on working memory,
consuming more resources in comparison to familiar content as the support of long-term memory
is limited (Saint-Aubin & Poirier, 1999). Moreover, non-dominant bilingual and monolingual
individuals might vary in how limited the long-term memory support is depending on the item
type. When the fluid reasoning assessment also requires scrolling, an additional demand is
placed on working memory as even more resources are needed to store the information no longer
in one’s immediate view (Arthur et al., 2018). Consequently, test takers might have a severely
limited number of resources left to engage the cognitive operations that aid in processing novel
stimuli. Executive control is activated when individuals’ resources are significantly strained (Qu
et al., 2015). Thus, predictions can be made about how much non-dominant bilinguals will be
able to leverage their working memory advantage and whether subsequent score differences will
be seen on Gf items with novel graphic or verbal stimuli when the test does or does not require
scrolling.
Novel Graphics. Specifically, performance differences on items containing novel
graphics might be amplified. Because non-dominant bilinguals and monolinguals might have
more similar representations of graphic content to draw from long-term memory (Sanchez et al.,
2010), they might preserve equivalent amounts of working memory resources for processing.
Consequently, non-dominant bilinguals’ superior working memory capabilities might allow for
better Gf performance compared to monolinguals. When items also require the test taker to

54

scroll, the added demand leaves non-dominant bilinguals and monolinguals with even fewer
working memory resources to store and process the novel graphic content (Arthur et al., 2018).
As non-dominant bilinguals can more efficiently allocate their strained working memory
resources, they might be able to execute well the cognitive processes needed for successful Gf
test performance even though more of their cognitive resources have been consumed. Further,
because monolingual test takers are not as proficient in the use of executive control, they might
not be able to execute the needed cognitive operations. Thus, monolingual Gf performance might
be further diminished, and non-dominant bilinguals’ performance further boosted.
Pseudowords. For similar reasons, performance differences between English-nondominant bilinguals and monolinguals on pseudoword Gf items on a test that requires scrolling
might be smaller. Previously, I predicted monolinguals might demonstrate superior performance
over non-dominant bilinguals on Gf tests with pseudoword stimuli because monolinguals have
more representations of words and phonemes in the English language that can be drawn from
long-term memory than non-dominant bilinguals (Baddeley, 2012; Portocarrero et al., 2007).
Different amounts of support from long-term to working memory to aid in information storage
suggest disparate amounts of working memory resources will remain for processing the
pseudoword stimuli in a Gf test item. As monolinguals might have more support from long-term
memory, more resources are preserved for processing. Consequently, monolinguals might be
able to demonstrate Gf better than non-dominant bilinguals. However, as the number of
resources left for processing are further constrained when the items require a test taker to scroll
to the important question information for both groups (Arthur et al., 2018), executive control
might be needed. Because of their superior executive control, non-dominant bilinguals might still
be able to enact the processing needed to show Gf, whereas monolinguals might not be as
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capable. Thus, monolinguals might suffer performance decrements and non-dominant bilinguals
might maintain or improve their performance under such a constraint, potentially equalizing
performance between these two groups on Gf tests with pseudoword items. Thus, I predict:
Hypothesis 3: Item type and the need to scroll will have an interactive effect on the
relation between linguistic experience and Gf test performance such that English non-dominant
bilinguals will be further advantaged compared to English monolinguals on items with novel
graphics and less disadvantaged compared to English monolinguals on items with pseudowords
when items require the test takers to scroll compared to when they do not.

56

Chapter 6: Method
Participants and Design
Participants, 270 members of the Prolific subject pool participated in an online study in
exchange for a small monetary reward. Based on a priori power analysis using G*Power (Faul et
al., 2007), this sample size was sufficient to detect a power of .80 given an effect size of 0.03
(Cohen, 1988). Following best practice recommendations (Perugini et al., 2018), this power
analysis was conducted for testing the hypothesized three-way interaction, which is typically
small to moderate in magnitude in social science research (Aguinis et al., 2005; Cohen et al.,
2003; Venter & Maxwell, 2000). The study is a 2 (Linguistic Background: English monolingual
vs. English non-dominant bilingual) x 2 (Item Type: novel graphic vs. pseudoword) x 2
(Assessment Medium Features: scrolling required vs. scrolling not required) quasi-experimental
design. Participants were randomly assigned to one of the four experimental conditions. After
removing those who did not pass the screening criteria, 255 participants were left for the final
analyses. The average age of participants was 28.16 years (SD = 11.11) and 160 (62.7%) were
female. About 46.7% of participants reported their ethnicity as Caucasian, 25.1% as
Hispanic/Latino, 12.5% as Asian and 8.2% African American.
Regarding language, 56.5% of participants were coded as English monolinguals, while
43.5% of participants were English-non-dominant bilinguals (i.e., participants who indicated a
language other than English was the one they comprehended, were exposed to, and used for
reading and speaking). Including English, participants reported speaking a total of twenty-one
different languages. The most common languages spoken after English were Spanish and
Chinese.
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Study Materials
Fluid Reasoning Items
To create a context in which item type and assessment medium features could be
manipulated, participants were presented with a set of Gf items. An ideal Gf item would meet
several criteria. First, to minimize contamination from prior knowledge, Gf items would be
significantly, if not fully non-entrenched (i.e., detached from real-world knowledge; Sternberg,
1982). However, available reasoning items vary in the extent to which real-world knowledge is
incorporated. For example, while Raven’s Progressive Matrices effectively require no real-world
knowledge to perform correctly (Raven, 2000), the items in Sternberg’s (1981) study required
very basic knowledge of navigational concepts (e.g., north, south) to complete accurately.
Second, verbosity in Gf items should be kept to a minimum to ensure the test assesses reasoning
abilities as opposed to reading comprehension or vocabulary. However, a need exists to
somewhat contextualize novel information for participant comprehension (Fagan & Holland,
2009; Sternberg, 1981), which requires some verbiage. Finally, items should be at an appropriate
difficulty and reading level for the intended population.
Reasoning items commonly found on the Law School Admission Test (LSAT) fit these
criteria reasonably well. An example is 1:
A university library budget committee must reduce exactly five of eight areas of expenditure —
G, L, M, N, P, R, S, and W — in accordance with the following conditions:
1. If both G and S are reduced, W is also reduced.
2. If N is reduced, neither R nor S is reduced.
3. If P is reduced, L is not reduced.
1

Example item is public domain, found on the Law School Admission Council website, which
can be found at: http://www.lsac.org/jd/lsat/prep/analytical-reasoning. Website last retrieved:
08/10/2021.
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4. Of the three areas, L, M, and R, exactly two are reduced.
If both M and R are reduced, which one of the following is a pair of areas neither of which could
be reduced?
A.
B.
C.
D.
E.

G, L
G, N
L, N
L, P
P, S

Specifically, these item formats are known to commonly require little real-world knowledge
(Carroll, 1993). Moreover, when novel graphics or pseudowords are used instead of the letters in
this item format, the items become even less entrenched. Second, these item formats contain
substantially less verbiage than that seen in a reading comprehension passage (though this
example is more wordy than ideal for this research). Finally, these items can be easily adjusted to
be of an appropriate difficulty and tested for reading level. In fact, prior research found items
which contained four statements, offered at least three response options, and had statements with
either one or two relationships between novel stimuli would not create ceiling or floor effects
and thus fall in the mid-range of difficulty (Agnello, 2019).
Consistent with research showing working memory can maintain roughly four pieces of
information (Baddeley, 2012), the item stems used in this study contained five novel stimuli (i.e.,
pseudowords or novel graphics) as these pieces of information could be arranged into four
statements. The items contained less text than is typical of an LSAT item. However, some
verbiage was needed to help the participants understand the relationships between the stimuli
(Carrell, 1984). In this study, the contextual information was designed to be related to the
workplace, given the desire for my research findings to be applicable to an organizational setting.
There were four item stems, and each stem had four associated multiple-choice questions. Each
question had four response options, creating 16 items in total. While one item asked participants
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to “check all that apply,” the remaining items had one correct and three incorrect answers. With
these features, the overall mean difficulty was found to be 0.507, the scale-midpoint. Thus, the
items were neither too easy nor too hard and showed sufficient variability. Additionally, the
instructions, example and test items were found to be at or below an eighth grade reading level,
suggesting the linguistic demands of the item format are not unreasonable and are acceptable for
participants in young or later adulthood (Agnello, 2019). Each item stem question was graded
individually so participants could score between 0 and 16. See Appendix A for the full measure.
Item Type Manipulation
To manipulate item type, the content about which individuals needed to reason was either
a novel graphic or pseudoword. The novel graphics used in this study were taken from an
experiment undertaken to create shapes for use in research on the effects of stimulus types
(Vanderplas & Garvin, 1959). The complexity of the shape was operationalized as the number of
points that determine inflections on the perimeter. I utilized the group of eight pointed shapes,
which fell in the middle of the complexity continuum.
The pseudowords used in this study were also both derived from research in which the
effects of stimulus type were examined and designed to fall in the middle of the complexity
continuum (Agnello, 2019). Two criteria were utilized to operationalize complexity. First,
Levenshtein distance (i.e., the average number of letter addition, deletion, substitution, and
transpositions needed to change one word into another) ranges from one to four, meaning the
closest word is between one to four letter transformations away (Agnello, 2019; Suárez et al.,
2011). The words selected for this study had an average Levenshtein distance of 2.76. The
second criterion was word length. Longer words (i.e., three syllables; Hutzler & Wimmer, 2004)
are more amenable to being truncated and are consequently less difficult to cognitively process
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than shorter words (Romani et al., 2005). In this study, the pseudowords were seven to ten letters
in length and three syllables (Agnello, 2019). See Appendix A for the detailed manipulation.
Scrolling Manipulation
I manipulated the need to scroll using a JavaScript code that freezes text in place. For
those in the no-scrolling condition, a JavaScript code was entered into the Qualtrics survey item
settings so that the item stem statements were frozen at the top of the screen, and the associated
questions scrolled underneath them. In this way, the statements were always in the participants
immediate field of vision and could always be referenced to answer the subsequent questions. By
contrast, for those in the scrolling condition, the code was not entered into the item settings.
Thus, the statements were not frozen at the top of the screen and moved freely as the participant
scrolled to each associated question. Consequently, the statements were not always in the
participants immediate field of vision and he or she did need to scroll between the rules and
questions to reference the information needed for a correct answer.
Working Memory Measure
Working memory was measured using the 10-item Operation Span (O-Span) task (Turner
& Engle, 1989; Chronbach’s ⍺ = .74-.81), which was designed as an integrated measure of the
storage and processing working memory functions. This scale was selected as no available
working memory measure specifically assesses capacity, updating and coordination. Indeed,
within the limitations of valid working memory scales, complex span tasks most closely allow
for the simultaneous measurement of multiple working memory functions (Redick & Lindsey,
2013) and are commonly used. Participants were given a list of two to five mathematical
operations and asked to both ascertain whether the operation is correct and remember the result.
They viewed each operation for 6 seconds. They were then asked to recall the results in the order
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in which they were presented. A sample item is “Judge the following equalities and remember
the last number: 1. Is (8-1)+1 = 6?, 2. Is (5/5)+5 = 6?, 3. Is (9/3)-1=2? Now try to recall the last
numbers in their order of presentation.” Participants were only given credit for the items in
which all of the numbers were correctly recalled and therefore could obtain a score between 0
and 10. See Appendix B for the full measure.
Linguistic Background Measure
As discussed in Chapter 3, operationalizations of bilingualism vary widely (Maftoon &
Shakibafar, 2011). Current best practice is to distinguish bilinguals from monolinguals based on
their linguistic experiences most relevant to what is being studied (de Bruin, 2019). In this study,
whether one only understands English, uses English for reading and speaking and is exposed to
English is believed to have the strongest effects on Gf performance differences for tests
containing different item types and assessment medium features. Thus, the bilingual group in this
study was comprised of anyone who reported other than 100% exposure to and less than fully
proficient use of English. To assess linguistic background, participants were first asked if they
speak a language other than English. Those who answer “yes”, were asked several follow up
questions. A sample item is “At what age did you start learning to speak English?” See Appendix
C for the full measure.
Socioeconomic Status
Bradley and Corwyn (2002) suggested executive functions might not be as strongly
developed for individuals raised in a low SES household. Specifically, those in a high SES
household more frequently engaged in cognitively simulating activities like reading and having
rich conversations. Further, these individuals more often had better schooling experiences.
Indeed, empirical research finds a positive relation between SES and executive function tasks
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(Hartanto et al., 2019). Thus, consistent with best practice recommendations for control variable
use (Bernerth & Aguinis, 2016), SES was used as a control variable in this study. I measured
SES using parental level of education (Weimer & Gasquoine, 2016). A sample item is “My
mother’s highest level of education is.” Because the items assessed mothers’ and fathers’
education separately, they were entered into all analyses as individual variables, rather than as a
scale score. See Appendix D for the full measure.
Demographic Questions
To assess the influence of any demographic variables on my study results, and to describe
my sample, I measured age, sex, country of origin, highest level of education and length of time
living in the United States. Additionally, while the Gf test contained minimal culturally loaded
content, individuals with disparate racial/ethnic backgrounds might have had differential
exposure to the learning materials or games like the task on the Gf test, which might have created
performance differences. Therefore, I also measured ethnicity to account for any potential
disparities. See Appendix E for the complete set of questions.
Procedure
Interested participants were directed to a Qualtrics survey with the informed consent.
Participants were screened for inclusion criteria and provided informed consent. To ensure
comprehension of the consent form and research materials, and to reduce cultural difference
variance besides that stemming from linguistic background, participants had to be 18 years of
age or older and reside in the United States to be eligible for this study. After providing informed
consent, participants were taken to the main study. Participation in this study was allowed only
once, therefore participants were first asked to input their Prolific ID. Members of the Prolific
subject pool who had participated in the main study already were not allowed to proceed.
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Eligible participants were asked to complete a study presented as a set of cognitive ability
tests meant to predict problem solving. In actuality, these tests did not predict problem solving
ability, but rather were the working memory and Gf measures. Participants completed the Gf test
first followed by the working memory measure. Finally, participants were asked to report on
their linguistic background and complete the demographic survey. Upon study completion,
participants were debriefed, thanked, and compensated. Payment was disbursed after participants
entered a general completion code into Prolific, allowing verification of those who completed the
study without connecting them to their data, to preserve anonymity.
Analysis Plan
Data Quality Checks
Consistent with best practice recommendations for online subject pool research (Kees et
al., 2017), I first removed respondent’s data who had identical geolocations. This is critical for
minimizing data contamination as it indicates that the data could potentially be coming from an
individual with more than one Prolific account who has taken the study before or a data farm.
Next, I removed respondents who indicated they used a strategy to solve the reasoning problems
that invalidated their responses. These included using a scrap piece of paper, in order to keep the
cognitive load of the assessment consistent among all participants, and assigning numbers or
letters to the stimuli in the fluid intelligence test items, as doing so indicated participants were
not reasoning with the stimuli of interest.
Descriptive and Correlation Analyses
To determine if any data was missing or responses lied outside the possible scale range, I
ran descriptive analyses. Then, I ran correlation analyses to determine if any significant
correlations between demographic variables and the major study variables existed. If a
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correlation was both higher than .20 and significant, I controlled for the demographic variable in
subsequent analyses (Keppel & Zedeck, 1989). Analysis results that differed after controlling for
these variables were reported. If not, the results of analyses conducted using the raw data were
reported.
Hypothesis Testing
For all hypothesis tests, I examined the significance level of unstandardized beta
coefficients for each path in my model and probed significant effects with the appropriate
follow-up analysis to test specific predictions.
To assess the significance of Hypothesis 1, in which I posited English non-dominant
bilinguals will outperform English monolinguals on a fluid reasoning test, I ran a linear
regression. Linguistic background (non-dominant bilingual vs. monolingual) was entered as the
independent variable and the number of correct Gf items was entered as the dependent variable.
Hypothesis 1 was considered supported if the follow-up t-test for a significant unstandardized
beta coefficient between linguistic background and Gf test scores showed non-dominant
bilinguals scored better than monolinguals and the follow-up t statistic was significant at the p <
.05 level.
To test Hypothesis 2, in which I predicted item-type will moderate the effect of linguistic
experience on Gf test performance, I used Model 1 of the PROCESS Macro (Hayes, 2018; see
Appendix F for conceptual diagram). Linguistic background was entered as the independent
variable, item-type was entered as the moderator and the number of correct Gf items was entered
as the dependent variable. I examined the significance level of the regression coefficient for the
interaction. The hypothesis was considered supported if the coefficient was significant at the p <
.05 level and the follow-up two-way ANOVA with the same variables revealed non-dominant
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bilinguals scored significantly higher than monolinguals on Gf tests containing novel graphic
items but significantly lower than monolinguals on Gf tests containing pseudoword items.
Finally, to test Hypothesis 3, in which I predicted assessment medium features and itemtype will moderate the effect of linguistic background on Gf test scores I used Model 3 of the
PROCESS Macro (Hayes, 2018; see Appendix F for conceptual diagram). Linguistic background
was entered as the independent variable, item-type was entered as the moderator, assessment
medium features was entered as the second moderator and the number of correct Gf items was
entered as the dependent variable. I examined the significance level of the coefficient for the
interaction between linguistic background, item-type and assessment medium features on Gf test
scores, which tests if the effect of linguistic experience on Gf test performance is conditional
upon both item type and assessment medium features. Support for a three-way interaction was
substantiated if the coefficient was significant at the p < .05 level, providing evidence both itemtype and assessment medium features jointly moderate the effect.
Hypothesis 3 was considered fully supported if three conditions were met. First, if
pairwise comparisons in the follow-up three-way ANOVA with the same variables revealed
bilinguals scored significantly higher than monolinguals on Gf tests containing novel graphic
items when scrolling was required and when scrolling was not required at the p < .05 level, but
the mean difference was larger in the former condition than the latter. Second, if these pairwise
comparisons also showed bilinguals scored significantly lower than monolinguals on Gf tests
containing pseudoword items when scrolling was required and when it was not required at the p
< .05 level, but the mean difference was smaller in the former condition than the latter. Third, if a
significant interaction was found between linguistic background and assessment medium features
at the p < .05 level for subsequent two-way ANOVAs conducted for each item type. This final
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condition would allow for a determination of whether the disparities in mean difference
magnitudes when scrolling was required compared to when it was not for each item type
significantly differed from each other.

67

Chapter 7: Results
Descriptive and Correlation Analyses
Means and standard deviations for all continuous variables can be found in Table 1. Although the
entire bilingual population reported English to be their non-dominant language, the individuals in this
group reported using the English language moderately for reading, speaking and comprehension. While
the monolingual group reported sole exposure to and use of the English language, the English exposure
in the bilingual group was less than ideal as the cognitive distinctions between these groups when
processing verbal content might not have been as drastic as predicted. To test the model, I first examined
the correlation between demographic and control variables and the main variables of interest.
Correlations for all study variables can be found in Tables 2 and 3. As indicated in Table 3, mother’s (r
= -.02, p =.98) and father’s (r = -.06, p =.77) education level did not significantly correlate with fluid
intelligence. Additionally, mother’s (r = .11, p =.04) and father’s education level (r = .15, p =.01) did
significantly correlate with working memory. However, controlling for SES did not influence the results.
Thus, for ease of interpretation, I report my findings using the raw data.
Hypothesis Testing
Main Effect of Linguistic Background
As shown in Table 4, linguistic background did not significantly predict Gf test performance (b =
0.02, p = .97), failing to support Hypothesis 1. Specifically, fluid intelligence test performance did not
vary between language groups; English non-dominant bilinguals (M = 8.26, SD = 3.75) and English
monolinguals (M = 8.24, SD = 4.06) scored equivalently on the fluid reasoning test t (253) = -0.04, p =
.97, d = -0.01.
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Interaction Effect of Linguistic Background with Item Type
Table 4 also shows that the interaction between linguistic background and item-type did not
significantly impact Gf test performance (b = 0.78, p = .43), failing to support Hypothesis 2.
Specifically, the types of items present on the Gf test did not alter bilinguals’ and monolinguals’ Gf test
performance; English non-dominant bilinguals (M = 7.42, SD = 3.57) scored similarly to English
monolinguals (M = 7.79, SD = 4.30) on novel graphic items. Additionally, English non-dominant
bilinguals (M = 9.09, SD = 3.77) scored slightly better than English monolinguals (M = 8.68, SD = 3.79)
on pseudoword items. Neither mean difference was significant F(1,251) = .62, p = .43, 𝜂2 = .00.
Interaction Effect of Linguistic Background, Item type and Assessment Medium Features
Finally, as shown in Table 4, the interaction between linguistic background, item-type and
assessment medium features did significantly impact Gf test performance (b = -4.66, p = .02), providing
partial support for Hypothesis 3. Specifically, item type and the need to scroll in combination impact the
relation between linguistic experience and Gf test performance. However, follow-up analyses revealed
that the hypothesized differences did not drive this interaction. Scrolling compared to not scrolling did
not significantly increase the bilingual advantage over monolinguals on novel graphic items F(1, 126) =
3.21, p = .08, 𝜂2 = .03. In fact, when participants needed to scroll to view pertinent question statements,
English non-dominant bilinguals (M = 7.29, SD = 3.80) performed worse than English monolinguals (M
= 9.03, SD = 3.99) on the Gf test, but when the question statements were frozen at the top of the screen,
negating the need to scroll, bilinguals (M = 7.52, SD = 3.44) performed better than monolinguals (M =
6.71, SD = 4.32).
Similarly, scrolling compared to not scrolling did not significantly minimize the bilingual
disadvantage to monolinguals on pseudoword items F(1,129) = 2.53, p = .12, 𝜂2 = .02, though the results
were in the intended direction. Indeed, when participants needed to scroll to view pertinent pseudoword
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question statements, English non-dominant bilinguals (M = 10.31, SD = 3.92) performed better than
English monolinguals (M = 8.93, SD = 3.87) on the Gf test, but when the question statements were
frozen at the top of the screen, negating the need to scroll, bilinguals (M = 7.78, SD = 3.18) performed
worse than monolinguals (M = 8.51, SD = 3.76).
Pairwise analyses were conducted to further probe the source of the significant three-way
interaction. A Bonferroni correction was used to compensate for multiple comparisons. Table 5 provides
the means and standard deviations for each condition. The first significant pairwise comparison
illustrated English monolinguals performed significantly better (p = .02) on Gf tests containing novel
graphic items when scrolling was needed to view pertinent question information compared to when
scrolling was not needed because question statements were frozen at the top of the screen. Further,
English non-dominant bilinguals performed significantly better (p = .01) on Gf tests containing
pseudoword items when scrolling was required to view the statements needed to answer each question
compared to when participants did not need to scroll between the statements and each associated
question. The other significant pairwise comparison revealed English monolinguals performed
significantly better (p = .04) on Gf tests that contained pseudoword compared to novel graphic items
when the items did not require scrolling. By contrast, English non-dominant bilinguals performed
significantly better (p = .00) on Gf tests that contained pseudoword compared to novel graphic items
when the items required the test takers to scroll between the statements and associated questions.
Overall, item-type and assessment medium features appear to jointly affect fluid reasoning test
performance within rather than between language groups, providing partial support for Hypothesis 3.
Exploratory Analyses
The test factors that influence working memory were entangled within the Gf assessment, for
which a performance metric also needed to be derived to create the dependent variable. As I could not
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simultaneously measure fluid reasoning before and after working memory was measured, working
memory could not be tested as a true mediator in this study. However, item type and assessment medium
features should influence working memory test performance for individuals with varying linguistic
backgrounds in a similar manner to that of their Gf test performance. Specifically, item-type and
assessment medium differentially influence the amount of working memory resources English nondominant bilinguals and English monolinguals have available. The number of resources available in
working memory strongly influences how well an individual can engage in the storage and processing
operations needed to succeed on a fluid reasoning test (Engle, 2002; Miyake et al., 2000; Oberauer et al.,
2013). Thus, to discern empirical support for my theorizing, I explored whether linguistic background,
item-type and assessment medium features influenced working memory test performance in the same
way predicted for Gf test performance.
Main Effect of Linguistic Background
Bilinguals’ experience managing two languages is theorized to enhance their working memory
capabilities above those of monolinguals. As shown in Table 6, linguistic background did not
significantly predict working memory test performance (b = 1.41, p = .17). Specifically, bilinguals did
not perform significantly different from monolinguals on the working memory assessment. However,
the results were in a direction consistent with current theory, English non-dominant bilinguals (M =
29.15, SD = 7.27) performed slightly better than English monolinguals (M = 27.75, SD = 8.11) on the
working memory test t(244) = -1.44, p = .15, d = -0.18.
Interaction Effect of Linguistic Background with Item Type
Cognitively comparing the novel stimuli to represented graphics, phonemes or words conserves
working memory resources. Bilinguals and monolinguals might have more similar representations of
graphic compared to language content to draw from, which might more equitably preserve resources for
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novel graphic items but not items containing pseudowords. Thus, bilinguals exposed to novel graphic Gf
test items might have enough resources to engage their superior working memory capabilities, shown in
higher working memory test performance than monolinguals. However, bilinguals exposed to
pseudoword Gf test items might not have as many working memory resources as monolinguals,
negatively impacting their working memory test performance. Table 6 also shows that the interaction
between linguistic background and item-type did not significantly impact working memory test
performance (b = 0.05, p = .96). Specifically, the types of items utilized on the fluid reasoning test did
not significantly impact the availability of bilinguals’ and monolinguals’ working memory resources and
subsequent working memory test performance. English non-dominant bilinguals (M = 28.41, SD = 7.91)
scored slightly above English monolinguals (M = 27.06, SD = 8.83) after being exposed to novel graphic
items. Additionally, English non-dominant bilinguals (M = 29.88, SD = 6.58) scored slightly better than
English monolinguals (M = 28.42, SD = 7.33) after being exposed to pseudoword items. Neither mean
difference was significant F(1,246) = .00, p = .96, 𝜂2 = .00.
Interaction Effect of Linguistic Background, Item Type and Assessment Medium Features
When the item also requires the test taker to scroll, working memory resources might be taxed
even further. With a severely limited number of working memory resources, bilinguals can still engage
the cognitive operations needed to process information, but monolinguals are less capable. Respective
boosts in and decrements to bilinguals and monolinguals working memory functions might help equalize
bilinguals and monolinguals working memory performance after being exposed to pseudowords items.
However, working memory test performance differences might be magnified for items with novel
graphics. As shown in Table 6, the interaction between linguistic background, item-type and assessment
medium features did not significantly impact working memory test performance (b = -3.35, p = .40).
Specifically, the need to scroll or not scroll between pertinent novel graphic or pseudoword item
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information and the associated questions did not significantly alter bilinguals’ and monolinguals’
working memory resource availability and subsequent test performance. Scrolling compared to not
scrolling did not significantly increase the bilingual advantage over monolinguals when they were
exposed to novel graphic Gf items. F(1, 119) = 0.31, p = .58, 𝜂2 = .00. When participants needed to
scroll to view pertinent question statements, English non-dominant bilinguals (M = 27.52, SD = 8.50)
performed similarly to English monolinguals (M = 27.15, SD = 9.90) on the working memory test. The
bilingual advantage was larger when the question statements were frozen at the top of the screen,
negating the need to scroll, but bilinguals (M = 29.07, SD = 7.52) still did not perform significantly
better than monolinguals (M = 26.97, SD = 7.87).
Similarly, scrolling compared to not scrolling did not significantly minimize the bilingual
disadvantage to monolinguals when they were exposed to pseudoword Gf items F(1,123) = 0.42, p =
.52, 𝜂2 = .00. In fact, when participants needed to scroll to view pertinent question statements, English
non-dominant bilinguals (M = 31.24, SD = 4.80) performed better than English monolinguals (M =
29.14, SD = 7.63) on the working memory test. Bilinguals were also advantaged over monolinguals
when the question statements were frozen at the top of the screen, negating the need to scroll, but
bilinguals (M = 28.41, SD = 7.91) still did not perform significantly better than monolinguals (M =
27.93, SD = 7.16).
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Chapter 8: Discussion
Globalization and rapid technological advancement create an increasingly complex
business environment that has three critical consequences for the study and measurement of
intelligence. First, the constant change, characteristic of the modern workplace, heightens the
importance of accurately measuring fluid reasoning (Scherbaum et al., 2012); employees with
strong novel information processing capabilities are needed for organizational success. Second,
the ubiquity of mobile devices facilitates remote test administration and introduces a unique set
of working memory demands that might interfere with the cognitive operations needed for
successful Gf test performance (Arthur et al., 2018). Finally, workplace globalization increases
the need for linguistically diverse employees (ACTFL, 2019), who might vary in their Gf test
performance because of disparate cognitive capabilities required for accurate reasoning.
However, despite the growing importance of the construct today, intelligence researchers have
not carefully considered how modern intelligence assessment practices affect accurate Gf
measurement for individuals with disparate linguistic backgrounds. In this study, I sought to
extend intelligence research and, using a quasi-experimental design, explored how linguistic
experience, item-type, and assessment medium features predict Gf test scores.
Summary of Findings
Hypothesis 1 was concerned with superior Gf test performance for English non-dominant
bilinguals compared to English monolinguals. Prior research highlighted the importance of
working memory for fluid reasoning (Colom et al., 2008) and showed bilinguals have stronger
working memory capabilities most involved in successful Gf test performance compared to
monolinguals (Costa et al., 2009; Grundy & Timmer, 2017; Qu et al., 2015). However, in this
study, bilinguals and monolinguals performed equivalently on the fluid reasoning assessment.
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Though contrary to expectations, the current results align with those of prior literature that
showed similar Gf test performance for bilingual and monolingual test takers (Engel de Abreu,
2011; Greenberg et al., 2013; Woumans et al., 2016).
Hypothesis 2 explored the interaction between linguistic background and item-type on
fluid reasoning test performance. Specifically, research has found bilinguals and monolinguals
have more similar representations of graphic compared to language content, which helps
equitably conserve working memory resources for further processing (Sanchez et al., 2010).
Bilinguals were therefore thought to only have enough working memory resources to be able to
engage their superior cognitive capabilities compared to monolinguals for fluid reasoning test
items that contained novel graphics but not pseudowords. Consequently, bilinguals were
predicted to score higher than monolinguals on Gf tests containing novel graphic items and lower
than monolinguals on Gf tests containing pseudoword items. However, linguistic background did
not significantly affect fluid reasoning test performance which was not consistent with current
predictions. English monolinguals and English non-dominant bilinguals performed similarly on
novel graphic Gf items and English non-dominant bilinguals performed slightly better than
English monolinguals on pseudoword Gf items.
Despite the non-significant findings, the current result both fits and extends extant
literature. Specifically, because they are tests of reasoning capability rather than domain specific
knowledge a touted advantage of Gf tests is lessened sources of contamination that arise from
test-takers being differentially familiar with the content being reasoned about (Fagan & Holland,
2002). As these sources of contamination are believed to be more likely with stronger linguistic
demands (Helms-Lorenz et al., 2003), these results reinforce the effectiveness of minimizing
language for reducing score differences (Agnello et al., 2015). However, as tests of these
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strategies have been restricted to racial/ethnic groups, my results also expound the demographic
factions to which these language reduction strategies can be successfully applied.
Finally, Hypothesis 3 was concerned with the three-way effect of linguistic background,
item-type, and assessment medium features on Gf test performance. Scrolling has been found to
further increase the demand on working memory because more resources are devoted to storing
and recalling information no longer in view (Sanchez & Branaghan, 2011). With a severely
limited number of working memory resources, bilinguals can still engage the cognitive
operations needed to process information, but monolinguals are less capable (Qu et al., 2015).
Respective boosts in and decrements to bilinguals’ and monolinguals’ working memory
functions were predicted to help equalize performance for pseudowords items but magnify
differences for items with novel graphics. In this study, linguistic background, item-type, and
assessment medium features did significantly predict Gf test performance. However, because the
interaction between linguistic background and item-type did not affect fluid reasoning as
hypothesized, the effect of assessment medium features did not significantly impact this relation
in the manner I predicted. On novel graphic items, the need to scroll did not significantly
improve English non-dominant bilinguals’ Gf test performance above that of English
monolinguals, but rather worsened it. By contrast, for pseudoword items, while results were not
statistically significant, they were in the intended direction; English non-dominant bilinguals
performed better than their monolingual counterparts on the Gf test when there was a need to
scroll between the questions and associated statements. However, when question statements were
frozen at the top of the screen, minimizing the need to scroll, bilinguals performed worse than
monolinguals.
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Further analyses were conducted to understand the source of the significant three-way
interaction and revealed item-type and assessment medium features jointly affected fluid
reasoning test performance within rather than between language groups. English monolinguals
performed significantly better on novel graphic items when scrolling was needed to view
information needed to answer the corresponding questions compared to when scrolling was not
needed. By contrast, English non-dominant bilinguals performed significantly better on Gf tests
containing pseudoword items when scrolling was needed compared to when it was not. Further,
bilinguals performed significantly better on pseudoword Gf test items compared to novel graphic
items when scrolling was needed. As a point of comparison, English monolinguals performed
significantly better on Gf tests containing pseudoword rather than novel graphic items only when
they did not need to scroll between the statements and associated questions.
Exploratory analyses revealed linguistic background, item-type and assessment medium
features had no significant effects on working memory test scores. Nevertheless, the trend of
results showed some patterns consistent with my theorizing. Specifically, bilinguals performed
slightly better than monolinguals on the exploratory test of working memory. Moreover, though
not significant, the pattern of findings and the varied magnitudes of the bilingual advantages
observed reflects previous assertions that bilingual’s ability to demonstrate superior working
memory capability depend on the demands of the tasks they are faced with (Luo et al., 2013). For
example, while the interaction between linguistic background and item-type did not significantly
impact working memory test performance, English non-dominant bilinguals scored slightly
better than English monolinguals on the working memory assessment after being exposed to Gf
tests containing novel graphic items. Curiously, the same pattern of results was observed after
exposure to Gf tests with pseudoword items. Additionally, after being exposed to novel graphic
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Gf test items that required scrolling, English non-dominant bilinguals and English monolinguals
scored similarly on the working memory assessment but scored higher than monolinguals after
being exposed to items that did not require scrolling. Bilinguals also performed slightly better
than monolinguals on the working memory test after being exposed to pseudoword Gf test items
that both required scrolling and did not require scrolling.
Theoretical Implications
Overall little support was found for the hypothesized model. However, these null effects still
offer three important contributions for future scholars to consider when studying intelligence test
performance differences between bilingual and monolingual test-takers. First, equivalent Gf test
performance for English non-dominant bilinguals and English monolinguals in an adult-aged sample
extends previous research where this finding was established in a sample of school-aged children alone
(Engel de Abreu, 2011; Greenberg et al., 2013). Indeed, these findings address the concerns of previous
scholars who expressed uncertainty about the stability of their findings as children aged (Woumans et
al., 2016).
While the cognitive changes to working memory that accompany aging occur in monolingual
and bilingual populations alike, prior research seems to suggest that these age-related changes enhance
bilinguals working memory capabilities, particularly those most involved in fluid reasoning, above those
of monolinguals. Even in the current research, bilinguals showed a slight advantage in their working
memory test performance. Although, of note, the measure used in this study did not allow for the
specific assessment of capacity, updating, and coordination. One possible reason older bilinguals were
not similarly advanced in their fluid reasoning test performance might be because even if the elevated
working memory score reflected age-related strength in the capacity, updating and coordination
functions, task characteristics, not just the ability alone affect whether bilingual advantages in task
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performance are seen (Luo et al., 2013). For example, Qu and colleagues (2015) presented participants
with a monitoring task (the common operationalization of coordination) where they had to sort items
according to a particular dimension. In half of the trials, the dimension to sort on remained the same
85% of the time and changed 15% of the time. Bilinguals and monolinguals were found to perform
similarly on these items. In this case, bilinguals’ superior monitoring abilities were not engaged because
the task did not demand strong monitoring capability for successful performance. Thus, while my results
suggest that bilinguals’ and monolinguals’ equivalent Gf test performance is stable, it is also possible
that exceptional capacity, updating and coordination was not required to successfully complete the Gf
items in this study. These findings highlight the need for additional research to be conducted using
alternative sequential reasoning items to provide more robust support for the stability of bilinguals’ and
monolinguals’ comparable fluid reasoning test performance over time.
Second, the results of my study speak to the challenges involved in operationalizing
bilingualism. As discussed in earlier chapters, the definition of bilingualism has sparked much debate.
Current best practice is to operationalize the bilingual group according to the linguistic experiences most
relevant to the research. Indeed, such practices are believed to be particularly important in studies
attempting to understand the effects of bilingualism on executive functioning (de Bruin, 2019). In this
study, I included in my bilingual group any individual who reported using English as their non-dominant
language (i.e., individuals who had less than complete exposure to English and used English less for
daily activities like comprehension, reading, speaking).
I argued using a language dominantly or non-dominantly affected the cognitive operations
needed to successfully complete Gf test problems containing different item types and assessment
medium features. Specifically, English monolinguals use and have more exposure to the English
language than English non-dominant bilinguals, suggesting a disparity might exist between these two
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groups in long-term memory representations of English words, phonemes, and syllables. Consequently,
English monolinguals and non-dominant bilinguals were thought to vary in how much they could utilize
long-term memory to help preserve working memory resources when processing pseudoword compared
to novel graphic items. Additionally, English non-dominant bilinguals are believed to have stronger
executive control than monolinguals because bilinguals can allocate finite working memory resources
more efficiently than monolinguals; using two languages consumes cognitive resources. Moreover, the
greatest tax is placed on executive functions when a language is used non-dominantly (Kaushanskaya et
al., 2011). Thus, non-dominant bilinguals have extensive practice doing the same cognitive activities as
monolinguals but with fewer resources. Consequently, the added working memory demands of scrolling
requirements was thought to deter English monolingual working memory capability needed for
successful Gf performance more than for non-dominant bilinguals.
Because language use affected the functioning of specific cognitive operations, I believed that a
measure of language use comprehensively captured the differences in cognitive processes that vary
between English non-dominant bilingual and monolingual populations. Moreover, the measure utilized
in my study adhered to several best practices guidelines for assessments of language use (de Bruin,
2019). That is, in addition to capturing the percentage of time a participant is exposed to their nondominant language, it captured how often English was used in a common context as well as the degree
to which English was understood and used for ordinary daily activities like writing and reading.
Nevertheless, as nearly all bilingual measures are captured with self-reported Likert items, it is difficult
to extrapolate from participants reports of their English usage, how “bilingual” their brain is. That is, if a
participant indicates that their ability to understand English is a “2”, it is challenging to diagnose a) what
that number translates to in the brain (i.e., how limited are their representations of the English language
in long-term memory) b) whether the limitation is severe enough for detectable differences from a
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monolinguals’ cognitive processes to emerge, c) exactly how much less their representations of the
English language are compared to an individual who marked “3” for that item and d) if the difference in
their representations of the English language are exactly the same as those who marked “3” vs. “4” for
that item. Thus, future scholars should be cognizant that even when bilingual groups are operationalized
according to the linguistic experiences that underlie the cognitive functions of interest in a study,
understanding how strongly these experiences affect the corresponding cognitive operation is a
challenge existing self-report measures have not allowed bilingual scholars to overcome. As might be
the case in this study, the determined bilingual group might still vary in their cognitive functions and
perhaps not strongly enough from the monolingual group, making it challenging to find effects. Indeed,
scholars have recently emphasized the importance of minimizing individual differences in the bilingual
experience not releveant to the cognitive functions of interest to best assess how task characteristics
influence the emergence of a bilingual advantage in working memory capabilities (Durand López, 2021;
Monnier et al., 2022)
Finally, the significant three-way interaction between linguistic background, item-type and
assessment medium features lend insight into the muddled understanding of the relation between
working memory and Gf; scholars should consider that cognitive functions and brain regions in addition
to or together with working memory might influence fluid reasoning as it seems specific working
memory functions rather than the region as a whole might be involved in fluid reasoning. Early scholars
believed working memory and fluid reasoning to be isomorphic (Kyllonen and Christal, 1990). While
later examinations of this relation reached more moderate conclusions, (Ackerman et al., 2005; Redick
et al., 2012) working memory was nevertheless identified as one of the most important predictors of Gf
capability, accounting for 30-80% of the variance in Gf depending on how broadly or narrowly the
constructs were defined. The findings from my study also show that the scope of construct definition
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should be carefully considered when discussing the relation between working memory and fluid
reasoning and offer some evidence that working memory might play a narrower role in Gf test
performance. Specifically, characteristics of the Gf assessment were found to influence Gf but not
working memory test performance. This might be because the working memory measure used in this
study assessed storage and processing more broadly, rather than monitoring, updating and coordination,
the working memory capabilities proposed to play the most active role in Gf test performance. As a
narrower focus leaves more variance in Gf unaccounted for, recently scholars have begun to draw
attention to the need to examine cognitive functions beyond working memory alone that influence Gf
test performance. Indeed, significant differences found within rather than between language groups also
offer an opportunity to explore whether cognitive processes besides working memory that affect Gf test
scores can explain these performance variations.
One such process might be retrieval. Memory retrieval is defined as the process of retrieving
relevant information from long-term memory. Because retrieval is a critical component of secondary
memory, it is believed to work in tandem with working memory in the completion of Gf test problems
(Schroeder & Marian, 2012). Specifically, when completing a Gf test item, a stable representation of the
problem is formed in working memory capacity so that hypotheses about the new form it is to take can
be evaluated for their feasibility. As working memory can maintain a finite number of items, excess
information is displaced from immediate attention and transferred to long-term memory. Thus, retrieval
is critical for successful Gf test performance because relevant information must be brought back from
long-term memory to solve the problem (Shelton et al., 2010). Notably, retrieval has been found to have
the strongest effects on Gf test performance when the test problems impose a lot of cognitive demand
(Wang et al., 2017); more complex problems place higher demand on working memory, sending more
information to long-term storage, and heightening the difficulty of retrieving the appropriate stimuli
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from long-term memory. One reason retrieval is particularly operative when cognitive demands are high
might be because executive functions are recruited during retrieval (Schroeder & Marian, 2012).
Specifically, generating internal cues to guide the search through memory, switching to new cues,
inhibiting cues that were previously used, monitoring the relevancy of stimuli, and inhibiting irrelevant
stimuli all necessitate the use of executive functions like inhibition, shifting and working memory.
The importance of the necessity of cognitive demand for effective retrieval is particularly
insightful when discussing bilingual and monolingual Gf test performance. Recall that bilinguals are
believed to demonstrate superior executive functioning only with very few cognitive resources (Qu et
al., 2015) Novel stimuli impose greater demands on and heighten the necessity of retrieval processes
(Xiang & Brown, 2004). Indeed, when trying to reason with novel graphics and pseudowords,
individuals retrieve from their long-term memory recognizable features, words, or phonemes (Baddeley
et al., 1988; Baddeley & Logie, 1999). Such operations are critical for aiding in the cognitive processes
needed for successful Gf performance. However, as the interaction between item-type and language
background alone was not significant, perhaps the sole demand of novel stimuli is neither strong enough
for retrieval processes to affect Gf test performance nor for language group differences to emerge.
With the introduction of varied scrolling requirements, the cognitive demand appeared to be
strong enough to affect Gf performance differently for bilinguals and monolinguals. In particular,
demand might have been sufficient for retrieval to affect bilingual Gf test performance for pseudoword
items that required scrolling. Because they have higher levels of lexical competition, retrieval times are
longer, which places increased demand on bilinguals’ working and secondary memory when processing
lexical information and completing lexical tasks (Kaushanskaya et al., 2011). Moreover, the need to
scroll between the statements containing pertinent question information and the associated questions
creates an additional cognitive demand, as even more resources are needed to store the information no
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longer in one’s immediate view (Arthur et al., 2018). As bilinguals can execute their executive functions
with very few resources, the demands might have been strong enough for effective retrieval to enhance
their Gf test performance under these conditions. This might explain why bilinguals both performed
significantly better on Gf tests containing pseudoword items when scrolling was needed compared to
when it was not and significantly better on Gf tests that contained pseudoword compared to novel
graphic items when scrolling was needed. As monolinguals do not need as large of a drain on their
cognitive resources to have enough demand to engage the executive functions needed for retrieval, the
need to scroll alone might have consumed enough resources to be sufficient when processing novel
content. This might explain why monolinguals scored significantly higher on Gf tests containing novel
graphics when they needed to scroll between the rules and questions compared to when they did not
need to scroll. Indeed, when scrolling was not necessary, monolinguals scored significantly worse on Gf
tests containing novel graphic compared to pseudoword items. These results offer further evidence that
the cognitive demands might not have been adequate for activating retrieval effective enough to boost
monolinguals novel graphic Gf test performance. Thus, similarly to Wang and colleagues (2017), my
findings highlight the importance of examining cognitive processes in addition to working memory, as
retrieval processes can uniquely predict and account for more variance in fluid reasoning test
performance when the items are sufficiently demanding.
Moreover, that the need to scroll created the demand sufficient for retrieval to affect performance
also adds welcomed knowledge to the mobile assessment literature. Specifically, mobile assessment
scholars are just beginning to explore how device type influences test performance rather than
psychometric indices. Within this limited body of work, scholars have mostly focused on whether and
how demographic characteristics interact with mobile device features to influence test scores, without
considering how the inclusion of test item properties in this relation might also alter performance
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(Brown & Grossenbacher, 2017). Further, this relation has mainly been studied in non-cognitive rather
than cognitive assessments. As cognitive ability tests are frequently used selection instruments
(Goldstein et al., 2002), exploring this joint influence advanced the mobile assessment literature.
Practical Implications
The results of my study might also offer intelligence test designers some insights to consider
when designing a test that can be fairly administered on a global scale to culturally diverse groups. First,
the effectiveness of common strategies for minimizing the linguistic demands of an intelligence test and
reducing construct-irrelevant variance can be expounded to demographic factions beyond racial/ethnic
groups. Specifically, this study illustrated that bilingual and monolingual test-takers perform similarly
on Gf tests that contain pseudoword and novel graphic stimuli. Thus, test-designers might have
flexibility in the types of stimuli that can be utilized in a fluid reasoning test to promote a fair
assessment of the construct in the bilingual-monolingual population.
Second, the varied structural characteristics of mobile and non-mobile devices do not solely
affect the psychometric properties of an assessment, as was found in prior research (Arthur et al., 2018),
but also have implications for test fairness. My study results indicate that scrolling demands, which vary
as a function of screen size, can alter bilinguals’ and monolinguals’ Gf test performance containing
different stimuli. Therefore, depending on the demographic characteristics of the group targeted for
recruitment, test administrators, hiring managers and test designers should suggest applicants carefully
consider their choice of device used to complete the intelligence assessment. Guidance could be
incorporated in the test instructions. For example, as the growth of globalization continues to elevate the
number of bilinguals included in applicant pools, applicants taking a Gf test designed with pseudoword
items might not be advised to complete the assessment on a mobile device; the smaller screen might
elevate scores not inherently because of variations in reasoning capability but because of the added
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effects of scrolling demands on bilinguals’ Gf test performance. Such guidance is particularly valuable
as mobile assessment participation varies amongst demographic groups (Arthur et al., 2014; Morelli et
al., 2014). Thus, to help minimize barriers to job entry for linguistically diverse groups and enhance
hiring fairness in an increasingly global work environment, organizations should exercise more caution
and carefully consider the decision before adopting mobile devices into their selection practices. Indeed,
these recommendations are consistent with the warnings issued in professional guidelines such as the
Principles; organizations should be cognizant that the choice of assessment medium has the potential to
alter the construct being assessed (SIOP, 2018). However, because mobile device test administration
continues to grow in popularity (Kantrowitz et al., 2018), organizations should take steps to reduce the
nescessary scrolling demands on their fluid reasoning assessments as much as possible. For instance, test
takers might be instructed to utilize a laptop or tablet rather than a smartphone as the larger screens
characteristic of the former devices minimize the need to scroll, but still allow for remote test
completion (Arthur et al., 2018). Such insights might be valuable additions to policies regarding test
translation.
Limitations and Directions for Future Research
The current study has limitations that should be addressed in future research. Although I
used working memory as the basis for the hypotheses in this study, I could only test the impact
of Gf test characteristics on working memory capabilities in an exploratory fashion. Because I
did not have access to the necessary EEG or FMRI equipment, I could not examine the impact of
item-type and assessment medium features, which were baked into the Gf test, on working
memory test performance and simultaneously obtain the fluid reasoning test performance
measure needed for my dependent variable metric. Future researchers with easy access to these
neurocognitive measures are encouraged to replicate my study using an alternative design, as
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doing so might not only offer clear illustrations of whether test characteristics change working
memory activity, but also potentially help uncover the role of other brain regions involved in Gf
test performance. Such knowledge would expound the fluid reasoning literature, where nascent
attention is being given to cognitive functions beyond working memory in fluid reasoning (Wang
et al., 2017).
Moreover, while I proposed specific working memory capabilities might explain the
relation between working memory and Gf, the measure utilized in this study assessed storage and
processing functions broadly. However, this measure allowed for the simultaneous assessment of
multiple working memory capabilities without significantly increasing study length and
subsequent fatigue. Further, it is difficult to measure the updating and coordination capabilities
in isolation because of the intricate relation between them (Costa et al., 2008; Qu et al., 2015),
suggesting a broad measure assessing at least two of the three capabilities would need to be
administered irrespective of study length considerations. Finally, as the O-SPAN task assessed
the storage and processing of numbers, which do not fit into either the graphic or verbal content
bucket (Knops et al., 2006), it offers a more neutral way to assess working memory capability for
different linguistic groups. Future researchers might consider developing parsimonious, specified
measures of working memory capabilities or tasks that allow for better isolation of working
memory functions.
Further, although analyses examining the influence of linguistic background, item-type and
assessment medium features revealed some interesting within group findings, between group Gf
performance differences were not significant. It is possible that these null findings reflected the bilingual
group recruited for this study. Specifically, perhaps the working memory differences between bilinguals
and monolinguals that served as the basis for my hypotheses were not reflected in between group Gf test
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performance differences because, although they had less than complete exposure to and used English
less in daily activities, the sample still had some exposure to the English language (see Table 1).
Notably, item-type and scrolling demands affected bilinguals’ and monolinguals’ Gf test performance
differently, particularly for pseudoword items. These findings offer some empirical evidence that the
English representation and cognitive operations of the two groups in my study varied. However, this
group might not be as representative of other types of bilinguals whose cognitive functions might have
differed more from the monolingual population. Perhaps had I less variability in my linguistic
background variable, the hypothesized effects would have emerged. Though there is no easy alternative,
self-reports, which dominate language measurement, are still limiting in the extrapolations that can be
made to definitively ascertain and describe the cognitive functions of the bilingual group (de Bruin,
2019). Thus, in addition to giving thought to how to recruit these types of bilinguals, scholars should
continue to contemplate creative ways to measure linguistic experience in a manner that more accurately
captures their cognitive processes.
In addition, because I recruited participants from Prolific, a subject pool explicitly catered to
scientific research (Palan & Schitter, 2018), the generalizability of study results to organizational
settings is diminished. Moreover, the Gf test performance variable had a slight positive skew, suggesting
participants might not have been as motivated toward high performance on a Gf test meant for scientific
research as applicants taking the test as part of a selection process for a coveted job. However, recruiting
a sample from an organization might not have been feasible for a study that involved experimental
manipulations, as it is critical to ensure all applicants experience the same hiring process. Future
researchers might replicate my findings using an alternative sample.
Finally, I considered the role of scrolling, which is required to view information on a smaller
screen, in the relation between linguistic background, item-type and Gf test performance. Because I was
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interested in how device characteristics influence cognitive operations, I manipulated the aspect of
mobile devices that is theorized to impact working memory rather than the actual device used to take the
test. In fact, all participants were required to complete this study on a non-mobile device to isolate the
cognitive operation of interest and minimize variance due to device type. However, future researchers
might consider replicating my study using different device types to identify if the varied screen sizes of
cell phones, tablets etc. change the magnitude of scrolling demands strongly enough that the cognitive
effects have a varied impact on Gf test performance differences. Such information might also add
welcome theoretical insight to the SCIP model; at present, Arthur and collegues (2018) place devices on
an information-processing demand continuum, but do not indicate what impact the device-specific
cofigurations of structural characteristics have on cognitive demands. Moreover, though not of interest
in this study, mobile and non-mobile devices have other structural characteristics that operate in tandem
during testing. As the influence of device type on group score differences reveals mixed results,
selecting one characteristic to study allowed for a more systematic investigation into which mobile
device characteristics impact intelligence test scores. In the future, scholars might extend my research
and examine if the impact of screen clutter, response interface or permissibility individually or in varied
combinations produce comparable or dissimilar findings. Such knowledge would offer test developers
and administrators valuable insights into which aspects of test medium pose the biggest threats to
intelligence assessment fairness.
Conclusion
Overall, the current research attempted to explore how the emergence of modern
workplace trends (i.e., globalization and technological advancements) impact the success of an
old technique for minimizing contamination due to prior familiarity and enhancing the fairness
of Gf tests. While utilizing item content with less language is generally perceived as beneficial
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(Agnello et al., 2015), my analysis revealed that the strategy should not be universally
implemented to promote test fairness without accounting for how its interaction with other
features of the test affect performance. Specifically, my findings suggest that test takers’
linguistic background and the medium through which the test will be completed might be
important factors for Gf item-developers to consider when deciding which language reduction
technique to incorporate.
While integrating both pseudowords and novel graphics into the assessment items offer
test developers a strategy for measuring fluid reasoning in a way that minimizes linguistic group
differences, scrolling demands can potentially alter performance within each language group. In
particular, the need to scroll appears to enhance bilinguals’ and monolinguals’ respective
pseudoword and novel graphic Gf test performance. Theoretically, the use of pseudowords or
novel graphics do not interfere with bilinguals and monolinguals being able to demonstrate their
true fluid reasoning ability. However, the device used to complete the test might alter the
cognitive functions needed for successful reasoning, and thus, performance might not be a
completely pure reflection of fluid reasoning capability. Intelligence scholars might, therefore,
need to give more careful attention to the way fluid intelligence tests are delivered; the delivery
medium might interfere with accurate construct measurement. For test development purposes,
item-designers should be aware that the greatest potential for artificially inflated scores might be
seen on the mobile version of the assessment.
Within the last several decades, intelligence researchers and practitioners have taken
significant strides toward accurately defining and measuring cognitive ability. In the current
study, I built upon these advancements, attempting to address some of the challenges in
contemporary intelligence research and test design. It is my hope that in expounding the
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demographic factions studied and offering a more nuanced approach for implementing language
reduction strategies, my research contributes to progressively precise estimates of fluid reasoning
and to the new age of intelligence testing.
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Table 1
Means and Standard Deviations for all Continuous Measures
Variables

Scale Range

Mean

SD

Age

--

28.16

11.11

Bilingual’s English Speaking Proficiency

1-5

3.04

.839

Bilingual’s English Comprehension

1-5

3.54

.706

Bilingual’s English Reading Proficiency

1-5

3.56

.638

Age Started Learning English

--

5.96

4.20

Number of Years Speaking English

--

20.23

11.60

How Often English is Spoken in the Home 1-5

3.44

.710

Fluid Intelligence Test Performance

0-16

8.25

3.92

Working Memory Test Performance

0-36
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28.36

7.76

Table 2
Correlation Table of Major Study Variables (n= 255)
Variable

1

2

3

4

5

6

7

8

9

1. Fluid Intelligence

93

2. Working Memory

.40**

3. Linguistic Background

.00

.09

4. Speaking Proficiency

.11

.13

-.03

5. Comprehension
Proficiency

.09

.23*

.10

.82**

6. Reading Proficiency

.10

.24*

.11

.76**

.87**

7. Age Began Speaking
English

.07

-.03

.10

-.47**

-.36**

-.23*

-.12

-.12

.23*

-.09

.03

-.17

. .40**

8. Number of Years
Speaking English
9. Frequency English is
Spoken in the Home
** p < 0.01
* p < 0.05

.40**

.10

.06

-.50**

.32**

.25**

-.42**

.44**

-

Table 3
Correlation Table of Demographic Variables (n= 255)
Variable

1

2

3

4

5

6

7

1. Fluid Intelligence

94

2. Working Memory

.40**

3. Gender

.02

.08

4. Time Living in US

.02

.07

.09

5. Highest Education

-.11

.01

-.07

6. Mother’s Highest
Education

-.04

.15*

-.18**

-.03

.05

7. Father’s Highest
Education

-.05

.20**

-.15*

-.11

-.02

** p < 0.01
* p < 0.05

.15*

.59**

Table 4
Unstandardized Regression Coefficients for Fluid Intelligence Moderated Moderated Mediation Model (n=255)

Predictors
Linguistic background

Model 1
Fluid Intelligence
0.02

Item type

Model 2
Fluid Intelligence
-0.37

Model 3
Fluid Intelligence
-1.74

0.90

0.10

Assessment medium features

-2.32*

Linguistic background x Item type

0.78

95
]

Linguistic background x Item type x Assessment
medium features
R2
*p <.05

3.12*
-4.66*

0.00

0.03

.0.08*

Table 5
Means and Standard Deviations for Fluid Intelligence Test Performance under Each Condition
Condition

Mean

SD

Bilinguals, Novel Graphics, Scrolling Required

7.29d

3.80

Monolinguals, Novel Graphics, Scrolling Required

9.03a

3.99

Bilinguals, Novel Graphics, Scrolling Not Required

7.52

3.44

Monolinguals, Novel Graphics, Scrolling Not Required

6.71a, c

4.32

Bilinguals, Pseudoword, Scrolling Required

10.31b, d

3.92

Monolinguals, Pseudoword, Scrolling Required

8.93

3.87

Bilinguals, Pseudoword, Scrolling Not Required

7.78b

3.18

Monolinguals, Pseudoword, Scrolling Not Required

8.51c

3.76

Note: Means that share a common subscript differ at the p < .05 level, a corrected alpha used to
compensate for multiple pairwise comparisons. The mean difference denoted with subscript “d” differs
at the p < .01 level.
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Table 6
Unstandardized Regression Coefficients for Working Memory Moderated Moderated Mediation Model (n=250)
Model 1
Model 2
Model 3
Predictors
Working Memory
Working Memory
Fluid Intelligence
Linguistic background
1.41
1.35
0.37
Item type

1.37

Assessment medium features

-0.18

Linguistic background x Item type

0.05

Linguistic background x Item type x Assessment
medium features
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R2
*p <.05

1.99

1.73
-3.35

0.00

0.02

.0.03

Figure 2
Hypothesized Model

Note. Dotted lines indicate moderation effects.
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Appendix A
Fluid Reasoning Measure
Pseudoword Items
Item Stem 1
You are learning about the differences in value between products.
Bleconers is more valuable than Cavoral.
Decepter is either most valuable or least valuable.
Folitless is more valuable than Bleconers.
If Decepter is the most valuable, Incrorted is less valuable than Cavoral.
If Decepter is the least valuable, Incrorted is more valuable than Cavoral.
1. Which order is possible?
a. Folitless, Bleconers, Incrorted, Decepter, Cavoral
b. Decepter, Folitless, Cavoral, Incrorted, Bleconers
c. Folitless, Incrorted, Cavoral, Bleconers, Decepter
d. Incrorted, Folitless, Bleconers, Cavoral, Decepter
2. If Decepter is the most valuable, which is the third-most valuable?
a. Folitless
b. Incrorted
c. Bleconers
d. Cavoral
3. If Cavoral and Folitless switched value, which order could be possible?
a. Decepter, Cavoral, Folitless, Bleconers, Incrorted
b. Incrorted, Cavoral, Bleconers, Folitless, Decepter
c. Cavoral, Bleconers, Folitless, Decepter, Incrorted
d. Decepter, Incrorted, Cavoral, Bleconers, Folitless
4. If Incrorted is more valuable than Bleconers, which must be true?
a. Decepter is most valuable
b. Folitless is most valuable
c. Cavoral is least valuable
d. Decepter is least valuable
Item Stem 2
You are setting up a display for five different products but the company has rules for which
products are allowed where:
Leriper can only be on either end of the display.
Polighted cannot be next to Recrement.
Socidence cannot be first or third in the display.
Tecression and Recrement must be exactly one product away from each other.
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1. If Leriper is on the left end of the display, which product is third?
a. Tecression
b. Recrement
c. Socidence
d. Polighted
2. Which order is possible?
a. Recrement, Socidence, Tecression, Polighted, Leriper
b. Polighted, Tecression, Socidence, Recrement, Leriper
c. Leriper, Polighted, Tecression, Recrement, Socidence
d. Leriper, Socidence, Recrement, Polighted, Tecression
3. When Recrement is the product that is on the right-end of the display, which product is
second from the left?
a. Tecression
b. Socidence
c. Leriper
d. Polighted
4. If all the rules remained the same except the rule for Socidence was changed to state
that Socidence must be third in the display, which order is possible?
a. Tecression, Polighted, Socidence, Recrement, Leriper
b. Polighted, Tecression, Socidence, Recrement, Leriper
c. Leriper, Polighted, Socidence, Tecression, Recrement
d. Leriper, Recrement, Socidence, Polighted, Tecression
Item Stem 3
You are ordering stock for different products. Due to space limits, the products must be ordered
according to the following rules:
When Viblited is ordered first-most, Waffias is ordered fourth-most Brarions can be
ordered in any amount except first.
Viblited can only be ordered first- or second-most.
Communate can be ordered in any amount except fifth-most.
Distinere is always ordered one position more than Waffias.
1. When Communate is ordered the most, which quantities can Brarions be ordered in?
a. Second
b. Third
c. Fourth
d. Fifth
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2. Across all correct ways to place an order, which quantities can Distinere be ordered in?
(Check all that apply).
a. Second
b. Third
c. Fourth
d. Fifth
3. Which of the following orders is NOT possible?
a. Communate, Viblited, Brarions, Distinere, Waffias
b. Viblited, Communate, Distinere, Waffias, Brarions
c. Communate, Viblited, Distinere, Waffias, Brarions
d. Viblited, Communate, Brarions, Distinere, Waffias
4. If all the rules remained the same except the last rule was changed so that Distinere is
always ordered two positions more than Waffias, which order is NOT possible?
a. Viblited, Distinere, Communate, Waffias, Brarions
b. Communate, Distinere, Viblited, Waffias, Brarions
c. Communate, Viblited, Distinere, Brarions, Waffias
d. Distinere, Viblited, Waffias, Communate, Brarions
Item Stem 4
Below are sales trends for the summer. You also know that the SALES ORDER REVERSES
DURING THE WINTER.
Womerer sells less than Isolents.
Fondiction sells more than Isolents.
Levaron sells less than Fondiction.
Levaron sells more than Porserins.
Porserins sells less than Levaron.
1. Which product sells the most in summer?
a. Fondiction
b. Levaron
c. Womerer
d. Isolents
2. If Levaron also sells less than Womerer during the summer, which order could be true?
a. Fondiction, Isolents, Porserins, Womerer, Levaron
b. Isolents, Fondiction, Womerer, Levaron, Porserins
c. Fondiction, Isolents, Womerer, Levaron, Porserins
d. Fondiction, Isolents, Womerer, Porserins, Levaron
3. Which order is possible in the winter?
a. Porserins, Womerer, Levaron, Isolents, Fondiction
b. Womerer, Isolents, Levaron, Porserins, Fondiction
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c. Womerer, Levaron, Porserins, Isolents, Fondiction
d. Porserins, Womerer, Isolents, Levaron, Fondiction
4. If Porserins went on sale and started selling more than Isolents in the summer, which
product is the third-worst selling product in the winter?
a. Womerer
b. Porserins
c. Levaron
d. Fondiction
Novel Graphic Items
Item Stem 1
You are learning about the differences in value between products.
is more valuable than
is either most valuable or least valuable
is more valuable than
If

is the most valuable,

If

is the least valuable,

is less valuable than
is more valuable than

1. Which order is possible?
a.
b.
c.
d.
2. If

is the most valuable, which is the third-most valuable?
a.
b.
c.
d.
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3. If

and
a.
b.
c.
d.

switched value, which order could be possible?

4. If

is more valuable than , which must be true?
a.
is most valuable
b.
is most valuable
c.
is least valuable
d.
is least valuable

Item Stem 2
You are setting up a display for five different products but the company has rules for which
products are allowed where:
can only be on either end of the display
cannot be next to
cannot be first or third in the display.
and

must be exactly one product away from each other.

1. If

is on the left end of the display, which product is third?
a.
b.
c.
d.

2. Which order is possible?
a.
b.
c.
d.
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3. When
is the product that is on the right-end of the display, which product is second
from the left?
a.
b.
c.
d.
4. If all the rules remained the same except the rule for
be third in the display, which order is possible?
a.
b.
c.
d.

was changed to state that

must

Item Stem 3
You are ordering stock for different products. Due to space limits, the products must be ordered
according to the following rules:
When

is ordered first-most,

is ordered fourth-most

can be ordered in any amount except first
can only be ordered first- or second-most
can be ordered in any amount except fifth-most
is always ordered one position more than
1. When
a.
b.
c.
d.

is ordered the most, which quantities can
Second
Third
Fourth
Fifth

be ordered in?

2. Across all correct ways to place an order, which quantities can
all that apply).
a. Second
b. Third
c. Fourth
d. Fifth
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be ordered in? (Check

3. Which of the following orders is NOT possible?
a.
b.
c.
d.
4. If all the rules remained the same except the last rule was changed so that
always ordered two positions more than
a.
b.
c.
d.

is

, which order is NOT possible?

Item Stem 4
Below are sales trends for the summer. You also know that the SALES ORDER REVERSES
DURING THE WINTER.
sells less than
sells more than

.

sells less than
sells more than
sells less than
1. Which product sells the most in summer?
a.
b.
c.
d.
2. If

also sells less than

during the summer, which order could be true?

a.
b.
c.
d.
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3. Which order is possible in the winter?
a.
b.
c.
d.
4. If went on sale and started selling more than
third-worst selling product in the winter?
a.
b.
c.
d.
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in the summer, which product is the

Appendix B
Working Memory Measure
Before each item participants saw:
The following are equations you should judge. Remember the presented result.
1. Is (10 ÷ 2) - 3 = 2?
Is (10 ÷ 10) - 1 = 2?
Is (7 ÷ 1) + 2 = 7?
2. Is (3 ÷ 1) - 2 = 3?
Is (2 x 1) - 1 = 1?
Is (10 ÷ 1) + 3 = 13?
Is (9 x 2) + 1 = 18?
Is (9 ÷ 1) -7 = 4?
3. Is (8 x 4) - 2 = 32?
Is (9 x 3) - 3 = 24?
Is (4 ÷ 1) + 1 = 4?
4. Is (10 ÷ 1) - 1 = 9?
Is (8 x 4) + 2 = 34?
5. Is (6 x 3) + 2 = 17?
Is (6 ÷ 3) + 2 = 5?
Is (6 x 2) - 3 = 10?
Is (8 ÷ 2) + 4 = 2?
Is (8 ÷ 2) - 1 = 3?
6. Is (9 ÷ 1) - 5 = 4?
Is (6 ÷ 2) - 2 = 2?
Is (7 x 2) - 1 = 14?
Is (6 x 2) - 2 = 10?
7. Is (2 x 2) + 1 = 4?
Is (7 x 1) + 6 = 13?
8. Is (3 ÷ 1) + 3 = 6?
Is (10 ÷ 1) + 1 = 10?
Is (4 x 4) + 1 = 17?
Is (3 x 3) - 1 = 8?
9. Is (3 x 1) + 2 = 2?
Is (4 ÷ 2) + 1 = 6?
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Is (5 ÷ 5) + 1 = 2?
10. Is (2 x 3) + 1 = 4?
Is (9 ÷ 3) - 2 = 1?
Is (10 ÷ 2) - 4 = 3?
Is (5 ÷ 1) + 4 = 9?
Is (10 x 2) + 3 = 23?
After each item participants saw:
Try to recall the results in order. Use commas to separate values.
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Appendix C
Linguistic Background Measure
1. Do you speak, read in and/or understand a language or languages other than English?
a. Please, list all of the other languages
2. Please list what percentage of the time you are currently and on average exposed to each
language. (Your percentages should add up to 100%):
Questions 3 through 7 were not displayed if the participant indicated they only use English
3. Based on your response to the previous question, what do you consider to be your
primary language (that is the language you feel most comfortable speaking)?
4. Please indicate your level of proficiency in speaking, understanding and reading English
a. Very low
b. Low
c. Adequate
d. High
e. Perfect
5. At what age did you start learning to speak English?
6. How many years have you been speaking English?
7. How often is English spoken in your home?
a. Never
b. Rarely
c. Sometimes
d. Quite Often
e. Always
8. What language do you generally speak when you are with friends?
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Appendix D
SES Measure
1. Please indicate your mother's highest level of education
a. Less than high school
b. High school diploma
c. Some college
d. Associates degree
e. Bachelors degree
f. Some graduate school
g. Masters degree
h. Doctoral level degree
i. I don’t know
2. Please indicate your father's highest level of education
a. Less than high school
b. High school diploma
c. Some college
d. Associates degree
e. Bachelors degree
f. Some graduate school
g. Masters degree
h. Doctoral level degree
i. I don’t know
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Appendix E
Demographic Questionnaire
1. What is your sex?
2. What is your age (in years)?
3. What is your ethnic background?
4. How long have you lived in the United States?
5. What is your country of origin?
6. Please indicate your highest level of education.
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Appendix F
Conceptual Diagrams of Hayes’ (2018) PROCESS Macro Models
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